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(54) PROCESS FOR PRODUCING CARBOXYLIC ACID DERIVATIVE AND CONDENSING AGENT 
COMPRISING QUATERNARY AMMONIUM SALT 

(57) A process for producing a carboxylic acid deriv- 
ative characterized by mixing a quaternary ammonium 
salt having a specific triazine ring in the molecule, a car- 
boxylic acid compound, and a compound having a 
nucleophilic functional group to conduct the condensa- 
tion reaction of the carboxylic acid compound with the 
compound having a nucfeophilic functional group; and a 
condensing agent comprising the quaternary ammo- 
nium salt. By the process, the condensation reaction 
can be conducted under miid conditions and a carboxy> 
lie acid derivative, especially an amide or ester com- 
pound, can be obtained in high yield. 
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Description 
Technical Field 

5 [0001] The present invention relates to a method of preparing carboxyRc add derivatives and, paiticularty, amide 
compounds or ester connpounds. 

[0002] The invention further relates to a condensing agent comprising a quaternary ammonium salt and, particu- 
larly, to a condensing agent that b preferably used for the preparation of amide compounds or ester compounds. 

10 BacKground Art 

[0003] Carboxyllc acid derivatives and, particularly, amide compounds and ester compounds are very important 
compounds for forming basic skeleton of various organic compounds such as medicine, agricultural chemicals, dye- 
stuffs, high-molecular compounds, etc. Therefore, study has long been forward concerning how to prepare carboxylic 
IS acid derivatives. 

[0004] As methods of preparing amide compounds, for example, there have generally been proposed a method of 
preparing amide compounds by the interchange reaction of ester compounds with amine compounds, as well as a 
method of preparing amide compounds directly from carboxylic acid compounds and amine compounds. As methods 
of preparing ester compounds, there have been generally proposed a method of preparing ester compounds directly 
20 from carboxylic acid compounds and alcohol compounds in the presence of an acid, and a method of preparing ester 
compounds by forming a carboxylic add halide by reacting carfooxyFic add compounds with an acid halide agent such 
as thionyl chloride, and acting it upon an alcohol compound. 

[0005] However, the method of prepEuing amide compounds is conducted under a heated condition, and cannot be 
applied to the connpounds that are thermally unstable or to the compounds having an amino group and an alkoxycarb- 
25 onyl group in the same molecule. Further, the method of preparing ester compounds is conducted under an ackfic con- 
dition, and cannot be applied to compounds that are not stable against acids. 

[0006] In order to solve this problem, a variety of methods have been proposed by using a condensing agent for 
preparing amide compounds under mild conditions. A method that is most widely used industrially is the one that uses 
carbodiimide condensing agents as represented by a dicylohexylcarbodiimide and a 1 -ethyl-3-(3-dimethylam1nopro- 
30 pyl)carbodiimide hydrochloride. 

[0007] However, many of the carbodiimide condensing agents are those conpounds that cause such problems as 
a rash, and require careful attention from the stano^int of working environment. Besides, when they are used for the 
condensation reaction In protontc organk: solvent, a high reaction yield is not expected. 

[0008] While the carbodiimide condensing agents cause rash to the skin and require attention for the handling 
35 thereof, a 4-(4,6-dimethoxy-1 ,3,5-tria2ln-2-yl)-4-methylmorpho!inium chloride proposed as a condensing agent for the 
synthesis of amide compounds by Z J. Kaminski et al. [Journal of Organic Chemistry, Vol. 63, pp. 4248-4255, 1998] is 
free from the above-mentioned problem and is drawing attention. 

[0009] As a method of preparing ester compounds under mild conditions, further, a method has been proposed by 
Mukoyama et al. that uses a condensing agent comprising a pyridinium oxide compound [Bulletin of Chemical Sodaty 

40 of Japan, Vol. 50, pp. 1 B63-1 866. 1 977]. 

[001 0] According to the method of preparing amide compounds by using a condensing agent proposed by Kamin- 
ski et al disclosed in the above literature, however, the carboxyfic acid compound and the condensing agent are reacted 
together in an equal molar amount to once form a reactive derivative which is an intermediate product and, then, the 
reactive derivative is reacted with the amine compounds to obtain an amide compound! Therefore, the yield greatly fluc- 

45 tuates ranging from 1 7 to 73%, which is not satisfactory, 

[0011] Further, the pyridinium oxtde compound used for the preparation of the ester compounds must use methyl 
iodide that has been pointed out to be carcinogenic at the time of preparing the pyridinium oxide compound, and, 
hence, requires careful attention concerning the working environment. 

[0012] Thus, preparations of the carboxylic acid derivatives using the conventional condensing agents are never 
so satisfactory with regard to reaction yield, handling of the condensing agent, or safety during the preparation thereof. 

Disclosure of the Invention 

[0013] It is an object of the present invention to provide a method of preparing carboxylic add derivatives, whch is 
ss capable of conducting the condensation reaction under mild conditions and of obtaining carboxylic add derivatives and. 
partlculariy, amide compounds or ester compounds in high yields. 

[0014] tt is another object of the present invention to provide a condensing agent that makes it possible to obtain 
carboxylic acid derivatives in high yields. 
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[0015] According to the present invention, there is provided a nnethod of preparing carboxylic acid derivatives com- 
prising mbdng a quaternary ammonium salt represented by the following general formula (I), a carboxync add com- 
pound and a compound having a nucteophillc functional group, to condense the carboxylic acid with the compound 
having the nudeophilic functional group, 



i 

^ n 
a2 ' a 



ORl 



N 



N 



0R2 



(I) 



IS 

wherein E is a monovalent or divalent organic group having one or two tertiary amino groups; 
n is 1 when E has one tertiary amino group, and is 2 when E has two tertiary amino groups, 
R1 and R2 are, independently from each other, alkyi groups having 1 to 4 carbon atoms or aryl groups having 6 to 
20 8 carbon atoms; 

a is 1 or 2, and is 1 when n is 1 ; and ^ 

is a counter anion having a valency of (n/a), 

[0016] In the above general formula (I), E can be concretely expressed as 

25 

K4 

1 

R4 - N - 
I 

R4 



30 



wherein R4 may be the same or different, and are monovalent organic groups In which at least an atom bonded to 
a quaternary nitrogen atom is a carbon atom, and plural R4 may be bonded together to form a divalent ortrivalent 
organic group, 

40 

when it has one tertiary amino group, and can be expressed as 

R4 R4 

I 1 

R4-N-R5-N- 

I I 
M R4 



wherein R4 may be the same or different, and are monovalent organic groups in which at least an atom bonded to 
55 a quaternary nitrogen atom is a carbon atom, R5 is a divalent organic group in which at least an atom bonded to 

the quaternary nitrogen atom is a carbon atom, and all of, or some of, R4 and R5 may be bonded together to form 
one or more organic groups having valencies of 2 to 6, 
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when rt has two tertiary amino groups. 

[001 7] According to the preparation method of the present invention, the condensation is carried out in water, in a 
protontc organic solvent or in an organic solvent containing water and, particularly, by reusing the organic solvsnt con- 
taining water. 

5 [001 8] Ttie compound having a nucleophilic functional group is an amine compound, and the carboxylic add deriv- 
ative is an amide compound. For example, (1) a cephem compound is prepared as an amide compound by using a 2- 
aminothiazolylacetic acid derivative as a carboxylic acid compound and by using a 7-aminocephalosporanic acid deriv- 
ative as an amine compound. Further, (2) a peptide compound is prepared as an amide compound by using an ami- 
noacid derivative of which the amino group is pratected as a carboxylic acid compound and by using an aminoacid 

10 derivative of which the carboxylic acid is protected as an amine compound. 

[001 9] The compound having a nucleophilic functional group is an alcohol compound, and the carboxylic add deriv- 
ative is an ester compound. In this case, there is used an aminoadd compound derivative of which the amino group is 
protected as a carboxylic add compound. 

[OO20] The quaternary ammonium salt represented by the above-mentioned general formula (1) is at least a quater- 
15 nary ammonium salt selected from quaternary ammonium salts represented by the following general fomnulas (I") and 
(II), 



20 



25 



35 



40 



45 
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E' ( N (I' ) 

OR2 



wherein R1 and R2 are, independently from each other, alkyi groups having 1 to 4 carbon atoms or aryl groups hav- 
30 in g 6 to 8 carbon atoms; 

E' is a monovalent organic group having one tertiary amino group; and 
X~ is a chloro anion, a perchlorate anion, or a boron tetrafluoride anion. 



and 



N ^ V N C N <II) 



R20 

2X 




wherein R1 and R2 are, independently from each other, alkyI groups having 1 to 4 cartoon atoms or aryl groups hav- 
ing 6 to 8 carbon atoms; and 
so X' is a chloro anion, a perchlorate anion, or a boron tetrafluoride anion. 

[0021] In this case, it is desired that the quaternary ammonium salt represented by the above general formula (I) is 
a quaternary ammonium salt represented by the following general formula (ill), 

55 
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(III) 



10 

wherein R1 and R2 are, rndependently from each other, alkyi groups having 1 to 4 carbon atoms or aryl groups hav- 
ing 6 to 8 carbon atoms; and 

a group represented by -R3- is any one of the following groups, 

IS 

O OH 

» I 
- C - CH2 - or - CH 

20 

and, 

X' is a chloro anion, a perchlorate anion or a boron tetrafluorlde anion. 

25 [0022] According to the present invention, there is further provided a novel quaternary ammonium salt represented 
by the above general formula (III). 

[0023] According to the present invention, further, there is provided a condensing agent comprising a quaternary 
ammonium salt represented by the above general formula (i), particularly, a condensing agent comprising at least one 
quaternary ammonium salt selected from the quaternary ammonium salts represented by the above general formulas 
30 (1'} and(ll) and, particularly, a condensing agent comprising a quaternary ammonium salt represented by the above gen- 
eral formula (111). 

[0024] According to the present invention, there is provided the use of the quatemary ammonium salt represented 
by the above general formula (I) as a condensing agent 

[0025] The preparation method of the present invention is different from the above-mentioned method of Kaminski 
35 et al. with respect to conducting the reaction in a state where a condensing agent, a carboxylic acid compound and an 
amine compound are existing together, and offers the reaction yield of as high as about 80%. 

[0026] The 4-(4,6-dimethoxy-1 ,3,5-trlazin-2-yl)^-m ethyl morpholinium salt used in the above-mentioned method of 
Kaminski et al. is the one represented by the above-mentioned general formula ({') in which R1 and R2 are methyl 
groups, and E- is a 4-methylmorpholinium cation. Among the condensing agents used in the preparation method of 
40 the Invention, those other than the above were found this time, for the first time, as being useful as condensing agents. 
[0027] According to the present invention, among the above-mentioned condensing agents, those in which the 
counter anion is a boron tetrafluortde anion are free from the problem of explosion, and favorably disperse in any 
organic solvent inclusive of water 

[0028] Further, starting materials of the condensing agents in which the counter anion is a chloro anion are easily 
45 available offering such an advantage as enabling the products to be cheaply produced. 

Best Mode for Carrying Out the Invention 

(Condensing agent comprising a quaternary ammonium salO 

50 

[0029] The preparation method of the present tnventksn uses a condensing agent comprising a quaternary ammo- 
nium salt represented by the above general formula (t). 

[0030] As represented by the general formula (I), the condensing agent of the invention has a feature in that a mol- 
ecule thereof has one or two chemical structures in which a triazine ring is bonded to a quatemary nitrogen atom. 
55 Another feature is that the triazine ring is a 1 ,3,5-triazine ring substituted by alkoxyl groups or aryloxyl groups at the 
fourth and sixth positions, and is bonded at the second position to the quaternary nitrogen atom. 
[0031] The quaternary nitrogen atom has three other carbon atoms bonded thereto (two other carbon atoms 
bonded thereto when bonded to carbon atoms by double bond) in addition to the triazine ring. These carbon atoms may 
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be included in three separate organic groups, or may be included in one or two organic groups. Since the tertiary amine 
Is fomied by nitrogen atom and three other carbon atoms, the condensing agent of the Invention can be expressed by 
the tertiary amine and 4,6-alkoxyl or aryloxyl group-1 ,3,5-triazln-2-yL 

[0032] Preferred examples of the above general fomiula (I) include condensing agents comprising at least one qua- 
5 ternary ammonium salt selected from those quaternary ammonium salts represented by the above general formulas (I*) 
and (ii). 

[0033] Among the guatemary ammonium salts represented by the above general formula (I*), the quaternary 
ammonium salt represented by the above general formula (III) is a compound prepared for the first time by the present 
inventors and preferably used as a condensing agent in the preparation method of the present invention. 

10 [0034] In the above general fomnulas (I), (I'), (II) and (III), R1 and R2 are, independently from each other, alkyi 
groups having 1 to 4 carbon atoms or aryl groups having 6 to B carbon atoms. As the alkyI group having 1 to 4 carbon 
atoms, there can be exemplified methyl group, ethyl group, n-propyl group, isopropyl group and n-butyl group. As the 
aryl group having 6 to 8 carbon atoms, there can be exemplified phenyl group, toiyl group and xylyl group. Among them, 
an alkyl group such as methyl group or ethyl group and aryl group such as phenyl group can be preferably used from 

15 the standpoint of easy synthesis. 

[0035] Further, E in the formula is a monovalent or divalent organic group having one or two tertiary amino groups, 
and is a tertiary amine or a tertiary diamine from such a standpoint that the tertiary amine is formed by the nitrogen 
atom and three other carbon atoms as described above. 

[0036] As the tertiary amine or tertiary diamine, any tertiary amine or tertiary diamine available as industrial starting 
20 materials and reagents can be used without any limitation. Concrete examines of the tertiary amine or tertiary diamine 
include aliphatic tertiary amines or tertiary diamines such as N-methylmorpholine, N-ethylmorpholine, Nl-methylpyrroli- 
dine, N-ethytpyrrolidine, N-methylpiperidine, N-ethylpiperidine, N-methylindoline, N-methylisoindoRne, triethylamine, 
tributylamine, dimethyPisopropylamine, dimethylcyclohexyl amine, N,N,N',N'-tetramethylethylenediamine, N.N.N'N'- 
tetramethylpropanediamine, N,N,N',N'-tetramethylbutanediamine, 1 ,4-dlmethylpiperadine and 1,4-diethylptperadine; 
25 and aromatic tertiary amines or tertiary diamines such as pyridine, N,N-dimethylaniline, N,N-diethylanirtne, N,N-dimeth- 
ylbenzylamine, N,N-diethylben2ylamine, N-methylindole, N-methylisoindole, N-methylpynrole, indolidine and N-methyl- 
carbazole. Among them, there are preferably employed, from the standpoint of easy synthesis, aliphatic tertiary amines 
or tertiary diamines such as N-methylmorphollne, N-ethylmorpholine, N-methylpyrrolidine, N-ethylpyrrolidine, N-meth- 
ylpiperidine, N-ethylpiperidine, triethylamine, tributylamine, dimethyl! sopropylamine, dimethylcyclohexylamine and 1,4- 
30 dimethylpipenadine; and aromatic tertiary amines such as pyridine, N,N-dimethylanitine, N,N-diethylaniline, N,N- 
dimethylbenzylamine and N,N-diethylbenzylamrne. 

[0037] In the above general formula (I), Z-*"'®' is a counter anion having a valency of (n/a), i.e., having a valency of 
one or two, such as chloro anion, perchlonate anion, boron tetrafluoride anion, sulfuric acid anion or carbonic acid anion. 
In the above general formula (i), the number a is 2 when n is 2 and the counter anion has a valency of one. In this case, 

35 the two counter anions may be of different kinds. 

[0038] In the present invention, among the quaternary ammonium salt represented by the above general formula 
(I), there are preferably used, from the standpoint of easy preparatran, those in which R1 and R2 in any one of the for- 
mulas are methyl groups, ethyl groups, n-butyl groups or isopropyl groups, E is methylmorpholine, ethylmorpholine, 
methylpiparldlne, ethylplperidine, methylpyrrolidine, ethylpyrrolidine, dimethylcyclohexylamine, pyridine, dimethylphe- 

40 nylamine, dimethylbenzylamine or 1 , 4-dlm ethyl pi peradine, and Z-^^^ (hereinafter often simply described as Z) is chloro 
anion, perchlorate anion, or boron tetrafluoride anion. 

[0039] Concrete exanr^les of the quaternary ammonium salt used as a condensing agent in the present Invention 
include 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride, 4-(4,6-dimethoxy-1 ,3,5^riazin-2-yl)-4- 
methylmorpholiniuin perchlorate,4-(4,6-dimethoxy-1 ,3,5-tria2in-2-yl)-4-methyImorpholinium tetrafluoroborate, 4-(4,6- 

45 dimethoxy-1 ,3,5-triazin-2-yl)-4-methylmorpholinium chloride, 4-(4,6-diethoxy-1 ,3,5-tnazin-2-yl)-4-methylmorpholinium 
chloride, 4-(4,6-diethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium perchlorate, 4-(4,6-dlethoxy-1 ,3,5-triazin-2-yl)-4- 
methylmorpholinium tetrafluoroborate, 4-(4,6-di-n-propoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride, 4-(4,6-di- 
n-propoxy-1 ,3,5-triazin-2-yl)-4-methylmorphonniuin perchlorate, 4-(4,6-di-n-propoxy-1 ,3,5-triazin-2-yl)-4-methylmor- 
pholinium tetrafluoroborate. 4-(4,6-diphenoxy-1,3,5-triazin-2-yl)-4-methylmorphonnium chloride, 4-(4,6-diphenoxy- 

50 1 ,3,5-triazin-2-yl)-4-methylmorphoIinium perchlorate, 4-(4,6-diphenoxy-1,3,5-tria2in-2-yl)-4-methylmorpholinium 
tetrafluoroborate, 4-(4,6-dimethQxy-1,3,5-triazin-2-yl)-4-ethylmorpholinium chloride. 4-(4,6-dimethoxy-1 ,3,5-triazin-2- 
yl)-4-ethylmorpholinium perchlorate, 4-(4,6-dimethoxy-1 ,3.5-triazin-2-yi)-4-ethylmorphonnium tetrafluoroborate, 4-(4,6- 
diethoxy-1 ,3,5-triazin-2-yl)-4-ethylmorpholintum chloride, 4-(4,6-dlethoxy-1 ,3,5-triazin-2-yl)-4-ethylmorpholinium per- 
chlorate, 4-(4,6-diethoxy-1 ,3,5-triazin-2-yl)-4-ethylmorpholinium tetrafluoroborate, 4-(4,6-di-n-propoxy-1 ,3,5-triazin-2- 

$5 yl)-4-ethylmorpholinium chloride, 4-(4,6-di-n-propoxy-1,3,5-tria2in-2-yl)-4-ethylmorphonnium perchlorate, 4-(4,6-di-n- 
propoxy-1 ,3,5-triazin-2-yl)-4-ethylmorpholinium tetrafluoroborate, 4-(4.6-diphenoxy-1 .3,5-triazin-2-yI)-4-ethylmorpho- 
linium chloride, 4-(4,6-diphenoxy-1,3,5-triazin-2-yl)-4-BthyImorpholinium perchlorate, 4-(4,6-diphenoxy-1 ,3,5-triazin-2- 
yl)-4-ethylmorpholinium tetrafluoroborate, 1-(4,6-dimethoxy-1,3,5-triazin-2-yl)-1-methylpiperidinium chloride, 1-(4,6- 
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dimethoxy-1,3,5-tria2in-2-yl)-1 -methylpiperidlnium perchlorate, 1-(4.6-dimethDxy-1 ,3,5-tr]azin-2-yl)-1 -methylpipericfin- 
lum tetrafluoroborate. ^(4,6-d^methQxy-1,3,5-triazin-2-yI)-■i-ethylpIperidinlum chloride, 1-(4,6-dimethoxy-1,3,5-triazln- 
2-yl)-1-ethylpiperldinium perchlorate, l-(4,6-dimethoxy-l.3,5-triazin-2-yl>-1-ethylplperidinlum tetrafluoroborate. 1-(4.B- 
dimethoxy-1 ,3,5-triazin-2-yl)-1 -fnethyfpyrrolidinium chloride, 1 -(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-1 -methylpyrrofidinium 

5 perchlorBte, 1-{4,6-dimethoxy-1,3,5-triazin-2-yl)-1-methylpyrrolld{nium tetrafluoroborate, 1-(4,6-dimethQxy-1,3,5-trl- 
azin-2-yO-1-ethyfpyrrolidinium chloride, 1-(4,6-dimethoxy-1,3,6-triazin-2-yl)-1-ethylpyrrolidinium perchlorate, 1-(4,6- 
dimethoxy-1,3,5-triazin-2-yl)-1 -ethylpyrroildinium tetrafluoroborate. (4,6-dimethoxy-1 ,3,5-trlazin-2-yl)triethylammon1um 
perchlorate, (4,6-dimetho)cy-1 ,3,5-tria2ln-2-yOtriethyfammonlum tetrafluoroborate, (4,6-dimethoxy-1 ,3,5-trla2in-2- 
yf)dlmethylcyclohexylanionlum perchlorate. (4,6-dlmetho)cy-l,3,6-trlazln-2-yl)dimethylcyclohexylammonIum tetrafluor- 

10 oborate, (4,6-dimethoxy-1,3,5-triazln-2-yI)pyridinium perchlorate, (4,6-dimethoxy-1,3,6-triazin-2-yl)pyridlnium 
tetrafluoroborate, (4,6-dlethQxy-1 ,3,5-triazin-2-yl)pyridinlum perchlorate, (4,6-diethoxy-1 ,3,5-triazin-2-yOpyridinium 
tetrafluoroborate. (4,6-dimethoxy-1 ,3,5-triazin-2-yl)diniethyIphenylammonlum perchlorate, (4,6-dimethQxy-1 ,3,5-t'i- 
a2in-2-yOdimethylphenylammonlum tetrafluoroborate, (4,6-diethoxy-1 ,3,5-triazin-2-yl)dimethylphenylamrrx3nium per- 
chlorate, {4,6-dlethoxy-1 ,3,5-trlazln-2-yl)dlmethylphenylammonlum tetrafluoroborate. (4,6-dlmethoxy-1 ,3,5-trla2ln-2- 

15 yl)dlmethy benzyl ammonium perchlorate, (4,6-dimethoxy-1,3,5-triazln-2-yl)dlmethylbenzylammonlum tetrafluorobo- 
rate, (4,6-diethoxy-1 ,3,5-triazin-2-yl)dimethylben2ylammonlum perchlorate, (4,6-dlethoxy-1.3,5-tria2m-2-yl)dimethyl- 
benzylammonium tetrafluoroborate, 1,4-dj(4,6-dlmethoxy-1,3,5-tria2in-2-yl)-1,4-dimethylpiperadinium dichloride, 1,4- 
di(4,6-dimethoxy-1 ,3,5-tTia2ln-2-yl)-1 ,4-dimethylpiperadinlum diperchlorate, 1 ,4-dl(4,6-dimethoxy-1 ,3,5-triazin-2-yl)- 
1 ,4-dimethylpiperadinium ditetrafluoroborate, 1 ,4-di(4,6-diethoxy-1,3,5-triazin-2-yl)-1 ,4-dimethylpiperad1nrum dichlo- 

20 ride, 1 ,4-dl(4,6-dlethoxy'1 ,3,5-trlazln-2-y1}>1 ,4-dlmethylptperadinlum diperchlorate, 1 ,4-(4,6-dlethoxy-1 ,d,5-trlazIn-2-yl)- 
1 ,4-dlmethylpiperadinlum dltetrafluoroborate, 1 ,4-dl(4,6-dl-n-propoxy-1 ,3,5-trlazin-2-yl)-1 ,4-dlmethylpiperadln)um 
dichloride, 1,4-d1(4,6-di-n-propo)cy-1 ,3,5-tria2in-2-yI)-1 ,4-dlmethytpiperadinium diperchlorate, 1 ,4-dl(4,6-di-n-propoxy- 
1,3,5-triazin-2-yl)-1,4-dimethylpiperadinium dltetrafluoroborate, 1,4-di(4,6-diphenoxy-1,3,5-triazin-2-yl)-1,4-dimethyl- 
piperadinium dichloride. and 1,4-di(4,B-diphenoxy-1 ,3,5-triazin-2-yl)-1 ,4-dimethylpiperadinium diperchlorate. 

^ [Q040] Examples of the quaternary ammonium salt that can be favorably used for accomplishing a condensation 
yield include 4-(4,6-dimetho)cy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride, 4-(4,6-dimethQxy-1,3,5-tria2in-2-yl)-4- 
methylmorpholinium perchlorate, 4-(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-4-nnethyfrnorpholinium tetrafluoroborate. 4-(4.6- 
diethoxy-1 ,3,5-triazin-2-yI)-4-methylmorphonnium chloride, 4-(4,6-diethoxy-1 ,3,5-triazin-2-yl)-4-methylmorpholinium 
perchlorate, 4-(4,6-diethoxy-1 ,3,5-triazin-2-yl)-4-methylmorphonnium tetrafluoroborate, 4-(4,6-dimethoxy-1 ,3,5-triazin- 

30 2-yl)-4-ethylmorpholinium chloride, 4-(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-4-ethylmorphonnium perchlorate, 4-(4,6- 
dimethoxy-1,3,5-triazin-2-yl)-4-ethylmorphonnium tetrafluoroborate, 4-(4,B-dlethoxy-1 ,3,5-triaz^n-2-yl)-4-ethylmorpho- 
linium chloride, 4-(4,6-diethoxy-1,3,5-triazin-2-yl)-4-ethylmorphofinium perchlorate, 4-(4,6-diethoxy-1 ,3,5-triazin-2-yl)- 
4-ethylmorpholinium tetrafluoroborate, 1 -(4,6-dimethoxy-1 , 3, 5-triazin-2-yI)-1 -methylpiperidlnium chloride, 1-(4,B- 
dimethoxy-1 ,3,5-triazin-2-yl)-1 -methylplperidinium perchlorate, 1 -(4,6-dlmethoxy-1 ,3,5-triazin-2-yl)-1 -methylpiperidin- 

35 lum tetrafluoroborate, 1-(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-1-ethylpiperidinium chloride, 1-(4,6-dimethoxy-1,3,5-tria2in- 
2-yl)-1-ethylpiperidlnium perchlorate, 1-(4,6-dimethoxy-1,3,5-triazin-2-yl)-1-ethylpipeiidinium tetrafluoroborate, 1-(4,6- 
dimethoxy-1 ,3,5-triazin-2-yl)-1 -methylpyrrolldlnlum chloride, 1 -(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-1 -methylpyrrolidinium 
perchlorate, 1-(4,6-dim8thoxy-1,3,5-triazin-2-yl)-1 -methylpyrrolidinium tetrafluoroborate, 1-(4,6-dimethoxy-1,3,5-tri- 
azin-2-yl)-1-6thylpyrrolidinium chloride, 1-(4,6-dimethoxy-1 ,3,5-tria2in-2-yl)-1-8thylpyrrolidinium perchlorate, 1-(4,6- 

4o dimethoxy-1,3,5-triazin-2-yl)-1-ethylpyrrondinium tetrafluoroborate, (4,6-dimethoxy-1,3,5-triazin-2-yl)pyridinium per- 
chlorate, (4,6-dimethoxy-1,3,5-triazin-2-yl)pyridinium tetrafluoroborate, (4,6-diethoxy-1,3,6-triazin-2-yl)pyridinium per- 
chlorate, 1 ,4-di(4,6-dimethoxy- 1 ,3,5-triazin-2-y l)-1 ,4-dimethylpiperadlnium dichloride, 1 ,4-di(4,6-dimethoxy-1 ,3,5- 
triazin-2-yl)-1 ,4-dimethylpiperadinium diperchlorate, 1 ,4-di(4.6-dimethoxy-1 ,3,5-tria2ln-2-yl)-1 ,4-dimethylpiperadinium 
ditetrafluoroborate, 1,4-di(4,6-diethoxy-1 ,3,5-triazin-2-y!)-1 ,4-dimethylpiperadinium dichloride, 1 ,4-di(4,6-diethoxy- 

45 1,3,5-triazin-2-yl)-1,4-dimethylpiperadinium diperchlorate, and 1,4-(4,6-diethoxy-1,3,5-triazin-2-yl)-1 ,4-dimethylpiper- 
adinium ditetrafluoroborate. 

[0041] In particular, the quaternary ammonium salts newly prepared by the present inventors are the ones repre- 
sented by the above-mentioned general formula (111). In the formula, R1 and R2 are as described earlier, and in which 
a methyl group or an ethyl group is favorably used as an alkyl group, and a phenyl group is favorably used as an aryl 
so group from the standpoint of easy synthesis. 

[0042] Further, the group represented by -R3- in the general formula (III) Is a group >C=0, a group -CH2-, or a 
group -CH(OH}-. Among such groups, the group represented by R3-is preferably a group -CH(OH)- from such a stand- 
point that the quaternary ammonium salt that is fomned has a low hygroscopic property. 

[0043] Further X" is chloro anion, perchlorate anion or boron tetrafluoride anion. Among them, chloro anion is pref- 
55 erably used from the standpoint of easy synthesis. 

[0044] Concrete examples of the quatemary ammonium salt represented by the general formula (111) include 1 -(4,6- 
dimethoxy-1,3,5-tr!azin-2-yl)quinuclidinium chloride, 1 -(4,6-dlm6thoxy-1 ,3,5-tria2in-2-yl)-3-hydrcxyquinuclidinium chlo- 
ride, 1-(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-3-oxoquinuclidinium chloride, 1-(4,6-diethoxy-1 ,3,5-triazin-2-yI)quinuclidinium 
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chloride.1 -(4,B-diethQxy-l .3^-triazin-2-yf)-3-hydroxyquinuclidinlum chloride, 1 -<4,6-diethoxy-1 ,3,5-triazin-2-yl)-3-oxo- 
qulnudWInlum chloride. l-{4,6-di-n-propoxy-l ,3,5-tria2ln-2-yl)qulnudldinlum chloride. 1-(4,6-dl-n-propoxy-l ,3.5-triazln- 
2-yl)-3-hydroxyqu]niJdldinlum chloride, 1-(4,6-di-n-propoxy-1,3,5-triazln-2-yl)-3-oxoqulnuclidinium chloride, l-(4,6' 
dfisopropoxy-1 ,3.5-triazin-2-yl)quinucfid"inium chloride, 1 -(4,6-drisopropoxy-1 ,3,5-triazin-2-yl)-3-hydroxyquinuclidinium 

5 chloride, 1-(4,6-drisopropoxy-1,3.5^azin-2-yl>3-oxoquinuclidinium chloride, 1-(4,6-d!-n-butoxy-1,3,5-triazin-2-yl)qui- 
nudidinium chloride, 1 -(4,6-d»-n-bLrtoxy-1 ,3,S-triazln-2-yf)-3-hydroxyquiniJclid1nium chloride.l -(4,6-di-n-butoxy-1 ,3,5-tri- 
azin-2-yl)-3-oxoqu]nuclldinium chloride, 1-(4,6-<Jiphenoxy-1,3,5-triaz!n-2-yl)quinudldinium chloride, 1 -(4,6-<fq^henoxy- 
1 ,3,5-triazln-2-yl)-3-hydroxyqulnuclidlnlum chloride, i-(4.6-diphenoxy-l,3,6-triazln-2-yi)-3-oxoquinuclldlnlum chloride, 
as well as those quaternary ammonium salts of which chloro anions that are counter anions are exchanged with per- 

fO chlorate anions or boron tetrafluoride anions. 

[0045] Among them, it is particularly desired to use 1-(4,6-dlmethoxy-1,3,5-irta2in-2-yl)quinuclidlnium chloride, 1- 
(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-3-hydroxyquinudidinium chloride, 1 -(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-3-oxoquinuc- 
lidinium chloride, 1-(4,6-diethoxy-1,3,5-triazin-2-yl)quinudidinium chloride, 1-(4,6-diethoxy-1,3,5-triazin-2-yf)-3-hydrox- 
yquinudidlnium chloride, 1-(4,6-diethoxy-1,3,5-triazin-2-yl)-3-oxoquinuclidinium chloride, 1 -(4,6-diphenoxy-1 ,3,5* 

75 triazin-2-yl)quinuclldinium chloride, 1-(4,6-dlphenoxy-1,3,5-tria2in-2-yl)-3-hydroxyquinuclldinium chloride, 1-4,6-dlphe- 
noxy-1,3,5-triazin*2-yl)-3-oxoguinuclidinium chloride, as well as those quaternary ammonium salts of which chloro ani- 
ons that are counter anions are exchanged with perchlorate anions or boron tetrafluoride anions, since they can be 
easily synthesized and a high condensation yield is expected when they are used as condensing agents. 
[0046] There is no part'cular limitation on the amount the quaternary ammonium salt represented by the above 

20 general formula (1) that is used as a condensing agent in the present invention, and the amount may be suitably deter- 
mined depending upon the reaction system. When the amount of the condensing agent is too small, the condensation 
is not finished. When the amount of the condensing agent is too great, the reaction occurs with a compound having 
nudeophilic functional group such as amine compound, and the yield decreases. Upon taking such points into consid- 
eration, It is desired to use the condensing agent in an amount of from 0.9 to 3 mols, particularly, from 0.95 to 2.5 mols, 

25 particularly, from 0.95 to 1.3 mole and, more particularly, froth 0.95 to 1.2 mols as a mole number of the quaternary 
nitrogen atoms in the quaternary ammonium salt of the general formula (I) per mol of the cartTOxylic acid compound. 
[0047] The quaternary ammonium salts represented by the above general formula (I) of the invention can be pre- 
pared according to a known method. When Z in the general formula (1) is chloro anion, the quaternary ammonium salt 
of the general formula (I) can be prepared by reacting a triazine compound represented by the following general formula 



wherein R1 and R2 are, independently from each other, alkyi groups having 1 to 4 cartx^n atoms or aryl groups hav- 
ing 6 to 8 carbon atoms, 

45 with a tertiary amine in an organic solvent, and separating the precipitated crystals by filtering. 

[0048] Further, when Z in the general fomnula (1) is perchlorate anion, the quaternary ammonium salt is prepared 
by adding sodium perchlorate in reacting the triazine compound represented by the above general formula (IV) with the 
tertiary amine in an organic solvent as disdosed in Japanese Unexamined Patent Publication No. 34634/1972. 
[0049] When Z in the general formula (I) Is boron tetrafluoride anion, the quatemary ammonium salt is prepared by 

so adding sodium tetrafluoroborate in reacting the triazine compound represented by the above general formula (IV) with 
the tertiary amine in an organk: solvent. 

[0050] When the sodium perchlorate and the sodium tetrafluorobomte are used, the sodium chtoride is formed as 
a by-product and is contained in the product in the step of separating the product by filtration. According to the present 
inventton, however, there occurs no trouble even when the sodium chlorkJe is mixed in the reaction system. 
55 [0051] In the present invention, the quaternary ammonium salt of the general formula (111) is a novel compound and 
is useful as a condensing agent. Though there is no particular limitation on the preparation method, the quatemary 
ammonium salt is preferably prepared according to, for example, a method described below. 

[0052] That is, the quatemary ammonium salt is preferably obtained by reacting a triazine derivative represented 



30 (IV), 



35 




(IV) 
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by the above-mentioned general formula (IV) with a quinucHdine derivative represented by the following general formula 
(V). 

Cj^ii (V) 
R3 ^ 

10 



wherein a group represented by -R3- is the same as the group -R3- In the above-mentioned general formula (III). 

15 [0053] Concrete examples of the triazine derivative represented by the above general fonnula (IV) that can be used 
for the preparation of the quaternary ammonium salt of the above general formula (I) Include 2-chloro-4,6-dimethoxy- 
1 ,3,5-triazine, 2-chloro-4,6-diethoxy-1,3,5-triaz]ne, 2-chloro-4,6-di-n-propoxy-1 ,3,5-tria2ine, 2-chloro-4,6-dlisopropoxy- 
1 ,3,5-triazlne, 2-chloro-4,6-d!-n-butoxy-1 ,3,5-tria2ine, and 2-ch I oro^,6-diphenoxy- 1,3,5 -triazine. Among them, there 
can be preferably used 2-chIoro-4,6-dimethoxy-1,3,5-triazine, 2-chloro-4,6-dtethoxy-1,3,5-tria2ine, and 2-chloro-4,B- 

20 diphenoxy-1»3,5^riazine that can be easily synthesized. Some of these triazine derivatives are available as industriat 
starting materials. Generally, however, they are obtained by reacting a cyanurtc chloride with a corresponding alcohol 
in the presence of a potassium carbonate (or sodium hydrogen carbonate, etc.) and an interphase moving catalyst. 
[0054] The tertiary amine used for the preparation of the quaternary ammonium salt of the above-mentioned gen- 
eral formula (I) is the one in which B in the general formula (I) is as described above. 

25 [0055] In particular, as the quinuclidine derivative of the general formula (V) which Is the tertiary amine that can be 
used for the preparation of the novel quaternary ammonium salt represented by the above general formula (III), there 
can be exemplified quinuclidine, 3-quinuciidinol and 3-qulnuclidinone. These quinuclidine derivatives are all easily avail- 
able as reagents and industrial starting materials. 

[0056] The reaction of the triazine derivath^e represented by the general formula (IV) with the tertiary amine easily 

30 proceeds upon mixing the two together Here, it is desired to use an organic solvent. 

[0057] Any organic solvent can be used without any limitation provided it does not impair the reaction. Concrete 
examples of the organic soh^ent that can be used for the reaction include ethers such as tetrahydrofurane, 1,4-dioxane, 
diethyl ether and diisopropyl ether; halogenated aliphatic hydrocarbons such as methylene chloride, chloroform and 
carbon tetrachloride; esters such as ethyl acetate and propyl acetate; ketones such as acetone, methyl ethyl ketone and 

35 methyl isobutyl ketone; nitriles such as acetonitrile and propytonitrile; aromatic hydrocarbons such as benzene, toluene 
and xylene; halogenated aromatic hydrocarbons such as chlorobenzene and drchlorobenzene; amides such as N,N- 
dimethylfomrtamide and N,N-dimethylacetamide; aliphatic hydrocarbons such as hexane and heptane; carbonates such 
as dimethyl carbonate; alcohols such as t-butyl alcohol and t-amy1 alcohol; and dimethyl sulfoxide. 
[0058] Among them, there can be preferably used organic solvents with which a high isolation yield can be 

40 expected, i.e., ethers such as tetrahydrofuran, 1,4-dioxane, diethyl ether and diisopropyl ether; halogenated aliphatic 
hydrocarbons such as methylene chloride and chloroform; esters such as ethyl acetate and propyl acetate; ketones 
such as acetone, methyl ethyl ketone and methyl isobutyl ketone; nitriles such as acetonitrile and propytonitrile; aro- 
matic hydrocariDons such as benzene, toluene and xylene; and carbonates such as dimethyl carbonate. 
[0059] There is no particular limitation on the amount of the solvent used in the reaction. When the amount is too 

45 large, however, the yield decreases per a batch, which is not econombal. When the amount is too small, on the other 
hand, stirring is impaired. Therefore, the amount of the solvent is so selected that the concentration of the quaternary 
ammonium salt of the inventton that is formed is from 0.1 to 60% by weight and, preferably, from 1 to 50% by weight. 
[0060] The ratio of the triazine derivative represented by the above general formula (IV) and the tertiary amine used 
in the above reaction is 1 to 1 in terms of a molar ratio, since the reaction is a stoichiometric reaction. Generally, how- 

50 ever, either one Is used in a slightly excess amount to complete the reaction. It is usually desired that the tertiary amine 
is used in a range of from 0.7 to 1.3 moles and, preferably, from 0.8 to 1.2 moles per a mole of the triazine derivative 
represented by the general formula (IV). 

[0061] There is no particular limitation on the temperature of the reaction. When the temperature is too low, the 
reaction rate becomes small and when the temperature is too high, the side reaction is promoted. Usually, therefore, 
55 the temperature Is selected from -20 to 70*'C and, preferably, from -1 0 to SO'^C. 

[0062] The reaction is usually carried out in the atmosphere. However, since some compounds may have hygro- 
scopic property, it is generally desired to conduct the reaction in the dry air that has passed through a drying tube such 
as a calcium chloride tube or in an inert gas atmosphere such as of nitrogen, helium or argon. The reaction is conducted 
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under any condition such as a reduced pressure condition, a normal pressure condition or a elevated pressure condi- 
tion. 

[0063] Though there is no particular limitation on the reaction time, the time ot from 0.1 to 1 0 hours is usually suffi- 
cient The kind of the counter anion may be changed at this moment by the above-mentioned method The thus formed 

5 quaternary ammonium salt represented by the above general formula (1) usually precipitates in the form of crystals. 
Therefore, the quatemary ammonium salt is separated in a solid form by an ordinary solid-liquid separation method 
such as centrifuge, centrifugal filtration, compressed filtration or reduced pressure filtration, followed by drying under a 
reduced pressure. When no crystal precipitates, the organic solvent that is used is removed as much as possible, a sol- 
vent such as tetrahydrofurane or the like is added to precipitate the crystals vtrhich are then obtained by the method 

10 same as the one described above. 

[0064] The structure of the thus obtained quatemary ammonium salt can be confirmed by means Q to ® 
described below. 

(J) The mode of bonding of hydrogen atoms existing in the quaternary ammonium salt of the invention can be 
15 learned by measuring a H-nuciear magnetic resonance spectrum H-NMR). 

® Characteristic absorption due to functional groups in the quaternary ammonium salt of the Invention can be 
observed t>y measuring an infrared absorption spectrum (IR). 

^ TTie mode of bonding of atomic groups in the molecules of the compound put to the measurement can be 
learned by measuring a mass spectrum (MS) and by calculating the observed peaks (generEilly, composition for- 
20 mulas corresponding to values m/e obtained by dividing the mass number m of an ion by a charge number e of the 
ion). 

@ Weight percents of carbon, hydrogen, nitrogen and chlorine can be found by the elemental analysis. The weight 
percent of oxygen is calculated by subtracting the sum of weight percents of the elements that are perceived from 
100. 

25 

(Preparation of carboxylic acid derivatives) 

[0085] The quaternary ammonium salt represented by the above general formula (I) can be favorably used as a 
condensing agent in preparing carboxylic acid derivatives from a carboxylic acid compound and a compound having a 
30 nucleophilic functional group such as a group -OH, a group -SH or a group >NH. In particular, it can be preferably used 
as a condensing agent in preparing an amide compound by reacting a carboxylic acid compound with an amine com- 
pound, or in preparing an ester compound by reacting a carboxylic acid compound with an alcohol compound. 
[0066] Described below is a method of preparing these compounds using the above quaternary ammonium salt as 
a condensing agent. 

35 

(1) A method of preparing an amide compound by reacting a carboxylic acid compound with an amine compound by 
using a quaternary ammonium salt represented by the above genera! fomnula (I) as a condensing agent (hereinafter 
also referred to as a method of preparing an amide of the present Invention). 

40 [0067] According to the method of preparing an amide of the present invention, features reside in that the reaction 
yield is further improved and the reaction time is shortened even when quaternary ammonium salts which have not 
been known to exhibit the functton as condensing agents, Inclush^e of the novel quatemary amnrK>nium salt, are used 
as condensing agents, and when a quaternary ammonium salt (concretely, 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-meth- 
ylmorpholinium salt) that has been known as a condensing agent, is used. 

45 [0088] Concerning the latter point, a general condensing agent of the type that activates the carboxyfic acid com- 
pound, that is usually used, reacts with the amine compound when it is made present in its own form, and loses the 
activity of the condensing agent or the activity extinguishes. Generally, therefore, the condensing agent is reacted with 
a carboxylic acid compound in advance to form a reactive derivative which Is, then reacted with an amine compound as 
is done by a method employed by Kaminski et al mentioned eariier. 

so [0069] According to the study conducted by the present inventors, on the other hand, it was clarified that the qua- 
ternary ammonium salt represented by the general fomnula (I) exhib'tts a high condensing activity even when it is made 
present together with the amine compound, permits the presence of three kinds of reaction reagents, i.e., quatemary 
ammonium salt, carboxylic acid compound and amine compound (compound having a nucleophilk: functional group) to 
exhibit the above-mentioned effects, i.e., improved reaction yield and shortened reaction time. 

55 [0070] The method of preparing amides of the present invention is conducted In the same manner as the conven- 
tional method of using a condensing agent, but using the quaternary ammonium salt represented by the above general 
formula (I) as a condensing agent. For example, the quaternary ammonium salt represented by the above general for- 
mula (1) is reacted with a caiboxyRc acid compound, followed by the reaction with an amine compound. According to the 
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method of preparing amides of the invention, further, the abovs-nnentioned three kinds of reaction reagents may be 
mbced together and reacted without fonnlng reactive derivative by utilizing the above-mentioned peculiar properties of 
the quaternary ammonium salt that is used. It can be said that the latter method Is particularly prefen-ed since It 
enhances the reaction yfeld, shortens the reaction time, and makes it possible to eliminate the step of forrrong reactive 
5 derivatives. 

[0071] In the method of preparing amides of tiie present invention, there is no particular Pimitation on the kind and 
amount of the quaternary ammonium salt of the invention that is used as a condensing agent, and its amount may be 
suitably determined depending upon the reaction system. It is desired that the quatemary ammonium salts used in the 
preparation method are those that are described above featuring easy synthesis and making it possible to expect a high 
10 condensation yield when they are used as condensing agents. When the amount of the condensing agent is too small, 
the condensing reaction Is not finished and when its amount is too large, reaction takes place with the amine compound 
to deteriorate the yield. It is, therefore, desired that the condensing agent Is used in an amount of from 0.9 to 1 .3 moles 
and, particularly, from 0.95 to 1 .2 moles per a mole of the caxboxyVtc add compound. 

[0072] Next, described below is a carboxylic acid compound that is used in the method of preparing amides of the 
IS present invention. 

[0073] As the carboxylic acid compound used for the method of preparing amides of the present inventioni any car- 
boxylic acid having a carboxyl group can be used without limitation. 

[0074] Concrete examples of the compound include aRphatic carboxylic acid compounds such as acetic add, pro- 
pionic acid, 2,2-dimethylpropionk; acid, butanoic acid, pentanolc acid, hexanok: acid, heptanoic acid, octanoic acid, 

20 nonanolc acid, decanoic acid, undecanoic acid, acrylic acid and methacrylic acid; aromatic carboxylic acid compounds 
such as benzoic acid, o-nitrobenzoic acid, m-nitrobenzoic acid, p-nitrobenzoic acid, o-chlorobenzoic acid, m-chloroben- 
zoic acid, p-chlorobenzoicacid, o-methoxybenzoic acid, m-methoxybenzoic acid, p-methoxybenzoic acid, 3-pheny!pro- 
pion'ic acid, 3-phenyl-2-propenoic acid, 2-(4-methoxyphenyl)acetic acid, and 3-(4-hydroxyphenyl)propionic acid; and 2- 
aminothiazolylacetic acid derivatives and amino acid derivatives of which the amino group is protected. 

25 [0075] Among these carisoxylic acid compounds, it is desired to use 2-aminothiazolylacetic add derivatives repre- 
sented by the following general formula (VI), 



R6HN S 



30 



35 




(VI) 



40 

wherein R6 is a hydrogen atom or an acyl group, an alkoxycarbonyl group, an aralkyloxycarbonyl group or an 
aratkyi group, and R7 is a hydrogen atom, an alkyi group, an aratkyl group, an acyl group or an alkoxycarbonylalkyl 
group, 

45 to obtain a cephem compound which is very useful as an amide compound, as a cephalosporin antibiotic or as a pre- 
cursor thereof. 

[0076] Here, the cephem compound generally stands for a compound having a cephalosporanic acid in the mole- 
cules thereof. When a carboxylic acid compound comprising the above-mentioned 2-aminothiazolylacetic acid deriva- 
tives is reacted with an amine compound comprising 7-aminocephaiosporanic acid derivatives that will be described 
so later, it is allowed to prepare a cephem compound having a structure corresponding to the starting materials as an 
amide compound. 

[0077] In the above general formula (VI), any of acyl group, alkoxycarbonyl group, aralkyloxycarbonyl group or 
aralkyi group represented by R6 can be used without limitation provided it CEin be easily dropped off. Concr^e exam- 
ples of these groups are as described below. Examples of the acyl group are those groups having 1 to 5 carbon atoms, 
55 such as formyl group, acetyl group, butyryl group, isobutyryl group, vaieryl group and pivaloyi group; examples of the 
alkoxycarbonyl group include those groups having 2 to 7 carbon atoms, such as methoxycarbonyl group, ethoxycarbo- 
nyl group, propoxycarbonyl group, isopropoxycarbonyl group, tert-butoxycarbonyl group and tert-amyloxycarbonyl 
group; and examples of the Eu^lkyloxycarbonyl group include those groups having 8 to 10 caibon atoms, such as ben- 
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zyloxycarbonyl group and phenetyloxycarbonyl group. Examples of the arallcyl group include those groups having 7 to 
20 carbon atoms, such as benzyl group, dipheny (methyl group and trtphenylmethyl group. 

[0078] Among them, particularly preferred examples of the acyl group are fcrmyl group and acetyl group, particu- 
larfy preferred examples of the alkoxycarbonyl group are methoxycartx>nyl group and tert-butoxycarbonyl group, partic- 
5 ularly preferred example of the aralkyloxycarbonyi group is benzytoxycarbonyl group, and particutarty preferred 
examples of the arallcyl group are benzyl group and triphenyl methyl group from the standpoint of easy efimination reac- 
tion and a high condensation yield. 

[0079] As the alkyi group, aralkyl group, acyl group or alkoxycarbonylalkyl group represented by R7, there can be 
used, without limitation, any group that develops a pharmacological effect as a cephem compound or there can be used 

10 any hydrocarbon group that can be easily dropped off. Concrete examples are as described below. Examples of the 
aikyi group include lower alky I group having 1 to 4 carbon atonns, such as methyl group, ethyl group, propyl group, iso- 
propyl group, butyl group, isobutyl group and tert-butyl group; examples of the aralkyl group include those groups having 
7 to 20 carbon atoms, such as benzyl group, diphenyl methyl group, and triphenylmethyl group; examples of the acyl 
group include those groups having 1 to 5 carbon atoms, such as formyl group, acetyl group, butyryl group, isobutyryl 

15 group, valeryl group and pivaloyl group; and examples of the alkoxycarbonylalkyl group include those groups having 3 
to 8 carbon atonns, such as methoxycarbonylmethyt group, 1*methoxycarbonyl-1 -methyl ethyl group, tert-butoxycarbo- 
nylmethyl group and l-tert-butoxycarbonyl-t -methyl ethyl group. Among them, there is preferably used an alkyl group 
having 1 to 3 carbon atoms having less steric hindrance, such as methyl group, ethyl group or propyl group. 
[0080] Among the 2-aminothiazolylacetic acid derivatives represented by the general formula (VI), it is desired to 

20 use those in which R6 is a hydrogen atom, a benzyloxycarbonyl group, a tert-butoxycarbonyl group, a methoxycarbonyl 
group, a formyl group, a trityl group, an acetyl group or a chloroacety! group, and R7 is a hydrogen atom, a methyl group, 
an ethyl group, a methoxycarbonylm ethyl group, a 1 -methoxycarbonyl- 1 -methyl ethyl group or a benzyl group from the 
standpoint of expecting a h'^h phannacologlcal effect when they are transformed into a cephem compound In preparing 
a cephem compound. 

25 [0081] Concrete exarrples of the 2-aminothiazolylacetic acid ester derivatives represented by the above general 
formula (Vl) that can be preferably used, include 2-(2-aminothtazotyt-4-yt)-2-methoxytminoacet'ic acid, 2-(2-benzyloxy- 
carbonylaminothiazolyl-4-yl)-2-methoxyiminoacetc acid, 2-(2-tert-butoxycarbonylaminothiazolyl-4-yl)-2-methoxyimi- 
noacette acid, 2-(2-methoxycarbonylaminothiazolyl-4-yl)-2-methoxyiminoacetfc acid, 2-(2-formylaminothiazolyl-4-yl)-2- 
methoxyiminoacetic acid, 2-(2-tritylaminothiazolyl-4-yI)-2-methQxyiminoacetic acid, 2-(2-acety!aminothfazoIyl-4-yl)-2- 

30 methoxyiminoacetic acid, 2-(2-chloroacetylaminoth}azolyl-4-yl)-2-methoxyiminoacetic acid, 2-(2-aminothiazolyl-4-yl)-2- 
hydroxyiminoacetlc acid, 2-(2-benzyloxycarbonylaminothiazolyl-4-yl)-2-hydroxyiminoacetk3 acid, 2-(2-tert-butoxycarbo- 
nyiaminothiazolyf-4-yl)-2-hydrQxyiminoacetic acid, 2-(2Hnn8thoxycarbonylaminothiazolyl-4-yl)-2-hydrDxyimlnoacetic 
acid, 2-(2-formylaminothiazolyl-4-yi)-2-hydroxyiminoacetic add, 2-(2-trityiaminothiazolyl-4-yl)-2-hydroxyimlnoacetic 
acid, 2-(2-acetylaminothiazolyl-4-yl)-2-hydroxyiminoacetic acid, 2-(2-aminothiazolyl-4-yl)-2-methoxycarbonylmethoxy- 

35 imlnoacetic acid, 2-(2-benzyloxycarbonylaminothlazolyl-4-yl)-2-methoxycarbonyImethoxyiminoacetic acid, 2-(2-tert- 
butoxycarbonylaminothiazolyl-4-y!)-2-methoxycarbonylmethoxyiminoacetic acid, 2-(2-methoxycarbonylaminothiazolyl- 
4-yl)-2-methoxycarbony I methoxyiminoacetic acid, 2-(2-formylaminothiazolyl-4-yl)-2-methoxycarbonylmethoxyiminoac- 
etic acid, 2-(2-tritylaminothla2olyl-4-yl)-2-methoxycarbonylmethoxyiminoacetic acid, 2-(2-acetylaminothiazolyl-4-yl)-2- 
methoxycarbonylmethoxyiminoacetlc acid, 2-(2-chloroacetylaminothiazolyl-4-yl)-2-methoxycarbonylmethoxyiminoac- 

40 etic add, 2-(2-aminothiazolyl-4-yl)-2-(1-methoxycarbonyl-1- methyl ethoxy)iminoacetic acid, 2-(2-benzytoxycarbo- 
nylaminothlazolyl-4-yl)-2-(1 -methoxycarbonyl- 1 -methylethoxy)iminoacetic ackJ, 2-(2-tert- 

butoxycarbonylamlnothiazolyl-4-yl)-2-{1 -methoxycarbonyl-1 -methyiethoxy)imtnoBcetic acid, 2-(2-methoxycarbonylami- 
nothiazoIyl-4-yl)-2-(1 -methoxycarbonyl-1 -methylethoxy)iminoacetic acid, 2-(2-formylaminothlazolyl-4-yl)-2-(1 -methoxy- 
carbonyl- 1-methylethoxy)iminoacetic acid, 2-(2-tritylaminothiazolyl-4-yl)-2-(1 -methoxycarbonyl-1 - 

45 methyl ethoxy)iminoacetk: acid, 2-(2-acetylaminothiazotyl-4-yl)-2-(1 -methoxycarbonyl-1 -methylethoxy)iminoacetic acid, 
2-(2-aminothia2olyl-4-yl)-2-benzyloxyiminoacetic acid, 2-(2-benzyloxycarbonylaminothiazolyl-4-yl)-2-benzyloxytmi- 
noacetic acid, 2-(2-tert-butoxycarbonylaminothiazolyl-4-yl)-2-ben2yloxyiminoacetic acid, 2-(2-methoxycarbonylamino- 
thia2olyl-4-yl)-2-benzyloxyiminoacetic acid, 2-(2-formylaminothiazolyl-4-yl)-2-ben2yloxyimihoacetic acid, 2-(2- 
tritylaminothiazolyl^-yl)-2-benzyloxyiminoacetic acid, 2-(2-acetylaminothiazolyl-4-yi}-2-benzyloxyiminoacetic acid, 2- 

$0 (2-aminothiazolyl-4-yl)-2-ethoxyiminoacetic add, 2-(2-benzyloxycarbonylaminothiazolyl-4-yl)-2-ethoxyiminoacetic acid, 
2-(2-tert-butoxycarbonylaminothiazolyl-4-yl)-2-ethoxyiminoacetic add, 2-(2-methoxycarbonylaminothiazolyl-4-yt)-2- 
ethoxylminoacetk; acid, 2-(2-formylaminothiazolyl-4-yl)-2-ethoxytminoacettc acid, 2-(2-tritylamlnothiazolyl-4-yl)-2- 
ethoxyimtnoacetic acid, 2-(2-acetylaminothiazolyl-4-yl)-2-ethoxyiminoacetic add, 2-(2-chlorDacetylaminothiazolyl-4-yl)- 
2-ethoxyimi no acetic acid, and the like, 

55 [0082] Among them, it is desired, for accomplishing high condensation yields, to use 2-(2-aminothiazolyl-4-yl)-2- 
methoxyimi noacetic add, 2-(2-benzyloxycarbonylaminothiazolyl-4-yl)-2-methoxyiminoacetic acid. 2-(2-tert-butoxycarb- 
onylamlnothiazolyl-4-yl)-2-methoxylminoacettc acid, 2-(2-methoxycarbonylaminothiazolyl-4-yl]-2-methoxyiminoacetk> 
acid, 2-(2-fonTiylaniinothiazolyl-4-yl)-2-methoxyiminoacetic acid, 2-(2-tritylaminothiazolyl-4-yl)-2-methoxyiminoacette 
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acid, 2-( 2-acetyIaminothiazolyl-4-yI)-2-methoxyiminoacetic acid, 2-{2-ch!oroacetytaminothiazoIyl-4-yl)-2-methoxyimi- 
noacetlc acid. 2-(2-amlnothla2olyl-4-yl>-2-methoxycarbonyImethoxyinrilnoacetic acid, 2-(2-benzyloxycartx>nylalnlnothla- 
zotyl-4'yt)-2-methoxycart)onylnnethoxyiminoacetlc acid. 2-(2-tert-butoxycarbonylann!nothla2o)yl-4-yl)-2- 

methoxycarbonybnethoxyiminoacetic acid. 2-(2-methoxycarbonylaminothiazolyl-4*yf)'2-methaxycaibonylmethoxyimi- 

5 noacetic acid. 2-(2-fbrnnytaminothiazolyl-4-yO-2-methoxycart}onytnnethoxyiminoacet>^ add, 2-(2-acetylaminothiazoiyl- 
4-yl)-2-methoxycarbonyfmethoxyiminoacetic acid, 2«(2-aminothiazolyl-4-yf)-2-(1 -methoxycarbonyl-l -methyiethoxy)imi- 
noacetic acid, 2-(2-ben2ylQxycarbonylaminothiazolyl-4-yO-2-(1 -methoxycarbonyi-1-methylethoocy)im acid, 2- 

(2-tert-butoxycarbonylannlnotlila2olyl-4-yl)-2-(1 -methoxycarbonyl-1 -methyletlnoxy)iml noacetic acid, 2-(2-methoxycarbo- 
nyiamlnotfilazoiyl-4-yl)-2-(1 -methoxycarbonyl-l -methylethoxy)lnnInoacetlc add, 2-(2-foimylamInothlazolyl-4-y!)-2-(1 - 

10 methoxycarbonyM -methylethoxy)inninoacetic acid, 2-(24rrtylaminothiazolyl-4-yl)-2-(1 -nnethoxycarbonyl-1 -methyl- 
ethoxy)inrti noacetic acid, 2-(2>aminoth(azolyl>4-yl)-2-benzyloxyiminoBcet{c acid, 2-(2-benzylQxycarbonylBminothtazolyl- 
4-yl)-2-benzylcxyiminoacetic add, 2'(2-tert-butGKycarbonylajninothlazolyM-yl)-2-benzyloxyiminoacetic acid. 2-(2- 
methoxycarbonylanninothiazoIyl-4-yI)-2-benzy!oxyiminoacetic acid, 2-(2-formylanninothiazolyl-4-yl)-2-benzylaxylmi- 
noacetlc acid, 2-(2-acetylamlnoth1azolyl-4-yl)-2-benzyIoxylminoacetlc add, 2-(2-am]nolfilazolyl-4-yl)-2-ethoxyiml- 

15 noacetic acid, 2-(2-benzyloxycarbony!aminGthlazolyi-4-yl)-2-ethoxyiminoacetic add, 2-(2-tert- 
bLrtoxycarbonylaminothiazolyI-4-yl)-2-ethoxyimi noacetic acid, 2-{2-methoxycarbonylaminothlazolyl-4-yl)-2-ethoxyimi- 
noacetic acid, 2-(2-foiTnylaminothiazolyl-4-yl)-2-ethoxyiminoacetic acid, 2-(2-tritylanninothiazolyl-4-yl)-2-ethoxy]mi- 
noacetic acid, and 2-(2-acetylaminothiazoiyl-4-yl)-2-ethoxyiminoacetic acid. 

[0083] As for the 2-aminothiazolylacetlc acid ester derivatives represented by tlie above general formula (VI), there 
20 theoretically exist two kinds of isomers of syn(Z)-fomis and anti(E)-forms concerning the oxyimino groups. Both of them 
can be used in the present invention. When used for the 7-aminocephalosporanoic derivatives, syn^orms exhibit higher 
pharmacological activity and are desired. 

[0084] These 2-aminothiazolyIacetic acid derivatives can be easily synthesized from the starting materials that are 
industrially available. They are prepared by, for example, using, as a starting material, a 2-aminothiazolylacetic acid 
25 ester compound which is available as a reagent or as an industrial starting material, such as ethyl 2-(2-aminothiazolyl- 

4- yl)-2-methoxyiminoacetate, ethyl 2-(2-aminothiazoIyl-4-yl)-2-hydroxyiminoacetate. ethyl 2-(2-aminothia2olyl-4-yl)-2- 
1 -methoxycarbonyi-l -methylethoxyiminoacetate or ethyl 2-(2-am1nothiazolyl-4-yl)-2-methoxycarbonylmethoxyiminoac- 
etate, and, as required, acting upon them an amino group-protecting agent such as acetyl chloride, chloroacetyl chlo- 
ride, trityl chloride, benzyloxycarbonyl chloride, methoxycarbonyl chloride, di-tert-butyl dicarbonate, methyt formate or 

30 ethyl formate to protect the amino group and, further, as required, protecting the hydroxy! mino group by using a hydroxy 
acid-protecting agent such as dimethylsulfuric acid, dtethylsulfuric acid, benzyl chloride or benzyl bromide, followed by 
hydrolysis. 

[0085] When it is intended to obtain a peptide compound which is a very important compound as an intermediate 
product of medicine by the method of preparing amides of the invention, it is desired to use. as a carboxylic acid com- 

35 pound, an amino acid compound derivative of which the amino group is protected. 

[0086] A peptide compound generally stands for a compound having two or more amino add in the molecules 
thereof. When use is made of an amino acid compound derivative of which the amino group is protected as a carboxylic 
acid compound and an- amino acid derivative of which the carboxyl group is protected as an amine compound, there 
can be prepared, as an amide compound, a peptide connpound having a structure corresponding to the starting mate- 

40 . rials. 

[0087] As the amino acid compound derivative of which the amino group is protected, there can be used any com- 
pound which has an amino group and a carboxyl group in the molecules and of which the amino group is protected by 
a protection group without limitation. Generally, however, there is used a compound of which the amino group of amino 
acid is protected, that is easily avaitable as a reagent or as an industrial starting material. 
45 [0088] Examples of the protection group include formyl group, acetyl group, benzoyl group, benzyloxycarbonyl 
group, tert-butoxycarbonyl group, allyoxycarbonyl group, methoxycarbonyl group, trityt group andfluorenylmethoxycar- 
bonyl group. 

[0089] Concrete examples of the amino acid compound derivative of which the amino group is protected and which 
can be favorably used for preparing peptide compounds include those compounds of which the amino group is pro- 
50 tected by the above protection group, such as a-aminobutanoic acid, a-methylalanine, N-methylalanine, p-alanine, t- 
aminobutanoic acid, 5-am1nopentanoic acid. 6-aminbhexanoic acid, 7-aminohexanoic add, B-aminooctanoic acid. 11- 
aminoundecanoic acid. 12-aminoundecanoic acid, alginine, asparagine, aspartic acid, p-cyclohexylalanine, cyclohexy- 
Iglycine, S-acetamidecysteine, S-tert-butylcysteine, S-ethylthiosysteine, S-p-methoxybenzylcysteine, S-tritylcysteine, 

5- p-methylbenzyl homocysteine, glutamine, N-^-ethylglutamine, N^-tritylglutamine, glutamfe acid, Isoglutamine, gly- 
55 cine, N-methylglycine. histidine, 7i-benzyIoxymethyIhistidine, 1 -methylhistidine, 3-methylhistidine, isoleucine, leucine, N- 

methy lieu cine, fizine, N-e-acetyllizine, N-E-formylleucine, N-e-benzyloxycarbonylleucine, methionine, norleucine, norva- 
line, ornithine, 4-benzoyIphenyIalanine, phenylalanine, 4-chlorophenylalanine, 4-fluorophenylalanine, 4-benzyloxycarb- 
onyteminophenylalanine, homophenylalanine, phenylglycine, 4-hydroxyphenylglycine, proline, homoproline, 4- 



13 



EP 1 085 000 A1 



hydroxyprDline, O-benzylhydroxyprofine, N-methylglycine, homoserine. O-benzylhomoserine, O-benzylserine, serine, 

0- tert-butylserine, O-methyberlne. threonine, O-benzylthreonlne, tryptophan, tyrosine, O-tert-butyltyroslne, O-benzyl- 
tyrosine and valine. 

[0090] Quite a few of the above amino acids have asymmetric carbons. In the present invention, L-forms, D-forms 
and a mixture thereof can be used without flmitatlon. 

[0091] These compounds are usually available as reagents and industrial starting materials. When not available, 
however, the compound ma/ be prepared by protecting the amino acid in an organic soh/ent by using an amino group- 
protecting agent such as methyl formate, ethyl formate, acetyl chbride, anhydrous acetic acid, benzoyl chloride, benzy- 
loxycart)onyl chloride, di-tert-butoxycarbortyl dicarbonate, di-tert-butoxycarbonyi fluoride, dtallyloxycaibonyl dicarbo- 
nate, methoxycart>onyl chloride, trrtyl chloride orfluorenylmethoxycarbonyl chloride after having added a tertiary amine 
such as methylmorpholine or triethylamine, followed by neutralization and crystallization. 

[0092] Next, described below are the amine compounds used in the method of preparing ainides of the present 
invention. 

[0093] As the amine compounds used in the invention, there can be used any compound having prinnary and sec- 
ondary amino groups without limitation. 

[0094] Corx»^e examples of the amine comp>ound used in the method of preparing ainides of the invention Include 
aliphatic amine compounds such as ethylamine, 1 -propylamine, isopropylamine, 1 -butyl amine, isobutylamine, sec- 
butylamine, 1,2-dimethylpropylamine, tert-butylamine, 1 -pentylamine, 1-hexylamine, 2-ethylhexylamine, 1 -heptylamine, 

1 - octylamine, 1 -no nyl amine, 1-decanylamine, 1 -undecanylamine, dimethylamine, diethylamine, dlisopropylamine, 
ailylamine, dlaltylamine, pyrrolidine, S-hydroxypyrroltdtne, piperidine, 2-pipecoiine, 3-pipecoline, 4-pipecoline, 2,4-lupe- 
tidine, 2,6-lupetidine, 3,5-lupetidine. N-methylhomopiperazine, N-actylhomopiperazine, N-methylpiperazine, N-ethoxy- 
carbonylpiperazine, p-chlorophenylpiperazine, 1-(2-pyrimidyl)piperazjne, 1-amino-4-cyclohexylpiperazine, 1- 
cyclohexylpiperazine, 3-hydroxymethylpiperizine, N-aminoplperizine, N-amtnopipeconne, 2-hydroxyethylpipecoline, 
hydroxyethylamine, 3-hydroxypropytamine, 2-hydroxypropylamtne, 1 -hydroxy-2-propylamine. 3-methoxypropylamine, 
3-ethoxyprDpylamine, 3-bu1oxypropylamine, 3-(2-ethylhexyloxy)propyiamine, 3-decyloxypropylamine, 3-lauroxypro- 
pylamine, 3-myristytoxypropyiamine, dimethylaminoethylamine, diethylaminoethylamine, dlmethylaminopropylamine, 
dibutylaminopropylamine, dimethylaminoethoxypropylamine and methoxyamlne; aromatic amine compounds such as 
aniline, benzylamine, dibenzylamine, a-phenetylamine, 3-phenetylamine, 2-aminothiazolyl, 2-aminopyridine, 3-ami- 
nopyridine, 4-ami no pyridine, indole, N-(2-pyridyl)piperazine, furfurylamine, 2-aminopirazine, 2-amino-5-methylpyridine, 

2- amino-6-methylpyridine, and 2-amino-4.6-dimethylpyridine; 7-aminocephalosporanic acid derivatives; and amino 
acid derivatives of which the carboxyl group is protected. 

[0095] Among these amine compounds, it is desired to use 7-aminocephalosporanic acid derivatives to obtain 
cephem connpounds. The 7-aminocephalosporanic add derivath/es that can be favorably used are the compounds rep- 
resented by the foltowing general formula (VII), 



wherein R8 is an alkyi group, an aralkyi group, an aryl group, an alkoxycarbonylal)<yi group, an alkoxycarbonyloxy- 
atkyl group, an alkylcarbonyloxyalkyi group or a trialkylsilyl group, and R9 is a hydrogen atom, a methoxymethyl 
group, achtorine atom, an iodomethyl group, a vinyl group, an acetyloxymethyl group, a 2-furalcari3onylthiomethyl 
group, a (1,2,3-thiadiazotyl-5-yl)thromethyl group, a (1-methyltetrazotyl-5-yl)thiomethyl group, a (5-methyltetrazolyl- 
3-yl)methyl group, a (Z)-2-{1,2,3-thiadiazolyl-4-yl)ethenyl group, a (Z)-2-(4-methylthiazoiyl-5-yl)ethenyl group, or a 
( 1 H- 1 ,2,3-triazoly l-5-y Qthiomethy ithio gro up. 

[0096] As the alkyI group, aralkyi group, aryl group, alkoxycarbonylalkyi group, alkoxycarbonyloxyalkyi group, alkyl- 
carbonyloxyalkyi group or trialkylsilyl group represented by R8 in the above general formula (VII), there can be used any 
group that can be easily hydrolyzed without limitation. Described below are cortcrete examples of these groups. 
Namely, preferred examples of the alkyl group are lower alkyl groups having 1 to 4 cartoon atoms, such as methyl group, 




(VII) 



C02R8 
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ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, and tert-butyl group; preferred examples of the 
aralkyl group are those groups having 7 to 20 carbon atoms, such as benzyl group, dlphenylmethyl group and triphe- 
nylmethyl group; preferred examples of the aryl group are those groups having 6 to 8 carbon atoms, such as phenyl 
group and tolyf group; preferred examples of the atkoxycarbonylalkyi group are methoxycarbonylmethyl group, Inneth- 

5 Qxycarbonyl-1 HTiethylethyl group end tert-butoxycarbonylmetfiyl group; preferred examples of the alkoxycarbonyloxy- 
alkyl group are those groups having 3 to 10 carbon atoms, such as 1 -tert-butoxycarbonyioxyethy! group, 1- 
cyclohexyloxycart>onyloxyethyl group and 1-ethoxycarbonyloxyethyl group; preferred examples of the alkylcarbonyloxy- 
alkyl group are those groups having 3 to 10 carbon atoms, such as methylcarbonyloxymethyl group, ethylcarbony- 
loxymethyl group, and tert-butylcarbonyloxymethyl group; and preferred examples of the trlalkylslly' group are those 

JO groups having 3 to 9 carbon atoms, such as trimethylsilyl group, triethylsilyl group, and tert-butyldimethylsilyl group. 
[0097] Among these groups, however, it is desired, from the standpoint of easy chemical or physiological hydroly- 
sis, that the atkyi groups are lower alky I groups having 1 to 4 carbon atoms, such as methyl group, ethyl group, propyl 
group, isopropyl group, butyl group, isobutyl group and tert-butyl group; the atkoxycarbonylalkyi groups are methoxycar- 
bonylmethyl group, 1 -methoxycarbonyl-1-methylethyl group, and tert-butoxycarbonylmsthyl group; the alkoxycarbony- 

15 loxyalkyi groups are those groups having 3 to 10 carbon atoms, such as 1 •tert-butoxycart>onyloxyethyl group, 1- 
cyclohexylcarbonyloxy ethyl group and 1-ethoxycarbonyloxyethyl group; and the trialkylsifyl groups are those groups 
having 3 to 9 carbon atoms, such as trimethylsilyl group, triethylsilyl group and t-butyldimethylsilyl group. 
[0098] Concrete examples of the 7-aminocephalosporanic acid derivative represented by the above general for- 
mula (VII) that can be favorably used include methyl 7-amino-3-cephem-4-carboxylate, methyl 7-amino-3-chloro-3- 

20 cephem-4-carboxylate. methyl 7-amino-3-iodomethyl-3-cephem-4'Carboxylate, methyl 7-amino-3-vinyl-3-cepham-4- 
carboxylate, methyl 7-amino-3-actyloxymethyl-3-cephem-4-carboxylate, methyl 7-amino-3-(2'furalcarbonylthiomathyl)- 

3- cephem-4-carboxylate, methyl 7-amino-3-[(1,2,3-thiadia2olyI-5-yl)thiomethyl]-3-cephem-4-carboxylate, methyl 7- 
amino-3-{(1 -methyltetrazolyl-5-yl)thiomethyl]-3-cephem-4-carboxylate, methyl 7-amino-3-[(Z)-2-(1 ,2,3-thiadiazolyt-4- 
yl)ethenyl]-3-cephem-4-carboxylate, methyl 7-amino-3-[(5-metiTy*tetrazofy}-3-yl)methyl]-3-cephem-4-carboxylate, 

25 methyl 7-amino-3-[(Z)-2(4-methylthiazolyl-5-yl)ethenyl]-3-cephem-4-carboxytate, methyl 7-amino-3-[(1 H-1,2,3-triazolyl- 
5-yl)thiomethylthio]-3-cephem-4-carboxyiate, ethyl 7-amino-3-cephenrh4-carboxylate, ethyl 7-amino-3-chloro-3- 
cephem-4-carboxylate, ethyl 7-amino-3-iodomethyl-3-cephem-4-carboxylate. ethyl 7-amino-3-vinyl-3-cephem-4-car- 
boxylate, ethyl 7-amino-3-acty[oxymethyl-3-cephem-4-carboxylate, ethyl 7-amino-3-(2-furalcarbonylthiomethyi)-3- 
cephem-4-carboxylate, ethyl 7-amino-3-[(1,2,3-thiadia2ofyl-5-yl)thiomethyl]-3-cephem-4-carboxylate, ethyl 7-amino-3- 

30 [(1 -methyltetrazolyl-5-yl)thiomethyI)-3-cephem-4-carboxylate, ethyl 7-amino-3-[(Z)-2-(1 ,2,3-thiadiazolyl-4-yI)ethenyl)-3- 
cephem-4-carboxylate, ethyl 7-amino-3-[(5-methyltetrazolyl-3-yl)methyl]-3-cephem-4-carboxylate, ethyl 7-amino-3-[(Z)' 
2(4-methytthiazolyl-6-yl)ethenyf]-3-cephem-4-carboxylate, ethyl 7-amino-3-[(1 H-1 ,2,3-tria2olyl-5-yl)thiomsthylthio]-3- 
cephem-4-carboxylate, isopropyl 7-amino-3-cephem-4-carb.oxylate, Isopropyl 7-amino-3-chIoro-3-cephem-4-carboxy- 
late, isopropyl 7-amino-3-iodomethyl-3-cephem-4-carboxylate, isopropyl 7-amino-3-vinyl-3-cephem-4-carboxylate, iso- 

35 propyl 7-amino-3-actyioxymethyl-3-cephem-4-carboxylate, isopropyl 7-amino-3-(2-furabarbonytthlomethyl)-3-cephem- 

4- carboxylate, isopropyl 7-amlno-3-[(1 ,2,3-thiadiazolyl-5-yl)thiomethyl]-3-oephem-4-carboxylate, isopropyl 7-amino-3- 
[(1 -methyltetrazolyl-5-yl)thiomethyl]-3-cephem-4-carboxylate, isopropyl 7-amino-3-[(Z)-2-(1 ,2,3-thladiazolyI-4-y!)ethe- 
nylJ-3-cephem-4-carboxylate, isopropyl 7-amlno-3-[(5-methyltetrazolyl-3-yl)methyl]-3-cephenn-4-carboxylatB, isopropyl 
7-amino-3-[(Z)-2(4-m6thylthlazolyI-5-yl)ethenyl]-3-cephem-4-carboxylate, isopropyl 7-annino-3-[(1 H-1 ,2,3-tria2olyI-5- 

40 yl)thiomethyIthio]-3-cephem-4-carboxylate, tert-butyl 7-amino-3-cephem-4-carboxylate, tert-butyl 7-amino-3-chlora-3- 
cephem-4-carboxylate, tert-butyl 7-amino-3-iodomethyI-3-cephem-4-carboxylate, tert-butyl 7-amino-3-vinyl-3-cephem- 
4-carboxylate, tert-butyl 7-amino-3-actyloxymethyl-3-cephem-4-carboxylate, tert-butyl 7-amlno-3-(2-furalcarbonylthi- 
omethyl)-3-cephem-4-carboxylate, tert-butyl 7-amino-3-[(1 ,2,3-thiadiazolyl-5-yl)thiomethyl]-3-cephem-4-carboxylate, 
tert-butyl 7-amino-3-[(1 -methyltetra2olyl-5-yl)thiomethy]-3-cephem-4-carboxylate, tert-butyl 7-amino-3-[(2)-2-(1 ,2,3-thi- 

45 adiazolyI-4-yl)ethenyl]-3-cephem-4-carboxylate, tert-butyl 7-amino-3-[(5-methyttetrazolyl-3-yl)m8thyl]-3-cephem-4-car- 
boxylate, tert-butyl 7-amino-3-[(Z)-2(4-methylthiEi2olyl-5-yl)ethenyl)-3-cephem-4-carboxylate, tert-butyl 7-amino-3-[(1H- 
1,2,3-triazolyl-5-yl)thiomethytthio)-3-cephem-4-carboxylate, methoxycarbonylmethyl 7-amino-3-cephem-4-carboxylate, 
methoxycarbonylmethyl 7-amino-3-chloro-3-cephem-4-carboxylate, methoxycarbonylmethyl 7-amino-3-iodomethyl-3- 
cephem-4-carboxylate, methoxycarbonylmethyl 7-amino-3-vinyl-3-cephem-4-carboxyIate, methoxycarbonylmethyl 7- 

50 amino-3-actyloxymethyl-3-cephenn-4-carboxylate, methoxycarbonylmethyl 7-amino-3-(2-furalcarbonylthiomethyl)-3- 
cephem-4-carboxylate, methoxycarbonylmethyl 7-amino-3-[(1 ,2,3-thiadiazolyl-5-yI)thlomethyl]-3-cephenrv4.-carboxy- 
iate, methoxycart>onyimethyt 7-amino-3-[(1 -methyltetrazolyl-S-y l}thiomethyl]-3-cephem-4-carboxylate, methoxycarbo- 
nylmethyl 7-amino-3-[(2)-2-(1 ,2,3-thiadiazoIyM-yl)ethenyl]-3-oeph8m-4-carboxylate, methoxycarbonylinethyl 7-amino- 
3-[(5-methyltetrazolyl-3-yl)methyO-3-cephem-4-carboxyIate, methoxycarbonylmethyl 7-amino-3-[(Z)-2(4-methylthia- 

55 zolyl-5-yl)ethenyl]-3-cephem-4-carboxylate, methoxycarbonylmethyl 7-amino-3-[(1 H-1,2,3-triazolyl-5-yl)thiomethyI- 
thio]-3-cephem-4-carboxylate, dlphenylmethyl 7-amlno-3-cephem-4-carboxylate, dlphenylmethyl 7-amino-3-chloro-3- 
cephem-4-carboxylate, dlphenylmethyl 7-amino-3-iodomethyl-3-cephem-4-carboxylate, dlphenylmethyl 7-amino-3- 
vinyl-3-cephem-4-carboxylate, dlphenylmethyl 7-amino-3-actyloxymethyl-3-cephem-4-carboxylate, dlphenylmethyl 7- 



15 



EP 1 085 000 A1 



amino-3-(2-furalcarbonylthiDniethyl)-3-cephem-4-caiix)xylate, dqshenylmethyl 7-amino-3-[(1 p2,3-thQdiazotyl'5-yl)thi- 
omethyl]-3-cepjienn-4-carboxyIate, dlphenylmethyt 7-amlno-3-((l H7iethyltetrazolyl-5-yOthlom^hyl]-3-cephenv4-carbox- 
ylale. cfiphenylmethyl 7-amino-3-[(Z)-2-(l ,2,3^ladlazolyl-4-yl>ethenylJ-3-cephem-4-carboxylate, diphenytmethyl 7- 
amino-3-{(5-methylteti^ole-3-yOnri8thyn-3-cephem-4-carboxylate, diphenylmethyl 7-amino-3-[(Z)-2(4-methylthia2oIyl- 

5 5-yl)etheny[)-3-cephem-4-carboxy!ate, diphenylmethyl 7-amjno-3-[(1H-1 ^,3-triazolyl-5-yI)thk>methytthio)-3-cephem-4- 
carboxylate, trimethytsilyl 7-amino-3-cephem-4-carboxyIate, trimethylsllyl 7-amino-3-chloro-3-cephem-4-carboxyJate, 
trimethylsllyl 7-aminc>-3-iodomethyl-3-cephern-4-carboxyIate, trimethylsilyl 7-amino-3-vinyJ-3-cephem-4-carbQxylate, 
trimethylsllyl 7-amlno-3-actyloxymethyl-3-cephem-4-cart)oxylate, trimethylsllyl 7-amlno-3-{2-furalcarbonytthlomethyO- 
3-cephem-4-carbcxylate, trimethylsllyl 7-amlno-3-[(1,2,3'thlad1azole-5-yl)thlomethyl]-3-cephem-4*cait)c>xylate, trlmeth- 

10 ylsilyl 7-amino-3-((1 -metbyltetrazole-6-yl)thiomethyl]-3-cephem-4-carboxylate. trimethylsilyl 7-am!no-3-[(Z)-2-(1 ,2.3-thi- 
adiazolyl-4-yOethenyl]-3-cephem-4-cart30xylate, trimethylsilyl 7-amino-3-[(5-methyltetra2ole-3-yQmethyll-3-cephem-4- 
carboxylate, trimethylsilyl 7-amino-3-((Z)-2(4-methylthiazolyl-5-yl)ethenyl>-3-cephem-4-carboxylate, and trimethylsllyl 
7-amino-3-{(1H-1,2,3-tr]azolyl-5-yI)thiom€thytthlo)-3-cephem-4-cartx)xylate, 

[0099] These compounds can be prepared by using, as a starting material, a 7-amino-3-acetyloxymethyl-3- 
75 cephem-4-cari30xyric acid that is industrially easily available, converting the third position into a predetennined substit- 
uent. and esterifying the carboxyl group. 

[0100] To obtain the peptide compound as described above, further, it is desired to use an amino acid derivative of 
which the carboxyl group is protected as an amine compound. There can be used any amino acid derivative of which 
the carboxyl group is protected without limitation provided it has an amino group and a carboxyl group in the molecules 
20 and of which the carboxyl group is protected by a protection group. Generally, however, there is used a compound in 
which the carboxyl group of the amino acid is protected, that is easily available as a reagent or an industrial starting 
material. 

[0101] Here, the protection group for the carboxyl group may be an alkyi group having 1 to 4 carbon atoms, such 
as methyl group, ethyl group, propyl group, isopropyl group or t-butyl group, an aralkyl group having 6 to 13 carison 

25 atoms, such as benzyl group or diphenylmethyl group, or amide group, N-methylamlde group or N-benzylamide group. 
[0102] Concrete examples of the amino acid derivative of which the carboxyl group is protected by the above pro- 
tection group and which is preferably used for obtaining peptide compounds, include a-aminobutanoic acid, a-methyl- 
alanine, alanine, N-methylabnine, (J-alanine, i-aminobutanoic acid, 6-aminopentanoic acid, 6-aminohexanoic acid, 7- 
aminohexanoic acid, B-aminooctanoic acid, 1 1 -ami noun decanoic acid, 12-aminoundecanoic acid, asparagine, aspartic 

30 acid, p-cyclohexylalanine, cyclohexylglycine, S-acetamidecysteine, S-tert-butylcysteine, S-ethylthiocysteine, S-p-meth- 
oxybenzylcysteine, S-tritylcystetne, S-p-methylbenzylhomocysteine, glutamine, N-x-ethylglutamine, N-x-trityiglutamine, 
glutamic acid, isoglutamine, glycine, N-methy I glycine, histldine, Ti-benzyloxymethylhistidine, l-methylhistidine, 3-meth- 
ylhistidine, isoleucine, leucine, N-methylleucine, lizlne, N-e-acetyllizine, N-e-fornnylleucine, N-e-benzyloxycarbony (leu- 
cine, methionine, norieucine, norvaline, ornithine, 4-benzoylphenylalanine. phenylalanine, 4-chlorophenylalanine, 4- 

35 fluorophenylalanine, 4-benzyloxycarbonylaminophenylalanine, homophenylalanine, phenylgtycine, 4-hydroxyphenylg- 
lyclne, proline, homoproline, 4-hydroxyproRne, o-benzylhydroxyproline, N-methylglycine, homoserine, o-benzylhomo- 
serine, obenzylserine, serine, o-tert-butylserine, o-methylserine, threonine, o-benzyfthreonine, tryptophan, tyrosine, o- 
tert-butyftyrosine, o-benzyltyrosine and valine. 

[0103] Quite a few of the above amino acids have asymmetric carbon atoms. In the present Invention, however, 

40 there can be used L-forms, D-forms and a mixture thereof without any limitation. 

[0104] These compounds are usually available as reagents or industrial starting materials. When not available, 
however, they can be prepared by converting the amino acid into an acid chloride thereof with a thionyl chloride followed 
by the reaction with an alkyl alcohol compound having 1 to 4 carbon atoms, such as methanol, ethanol, propanol, iso- 
propanol or tert-butanot, with an aralkyl abohol compound having 7 to 13 carbon atoms, such as benzyl alcohol or 

45 diphenyl alcohol, or with an ammonia or a primary or secondary amine having 1 to 1 0 carbon atoms, such as methyl- 
amine, ethylamine or benzylamine. 

[0105] There is no particular limitation on the amounts of the carboxylic acid compound and the amine compound 
used in the method of preparing amides of the present invention. However, the reaction of the carboxyl group with the 
amino group in the preparation method (hereinafter also referred to as "amidation reaction"} is a stobhiometric reaction. 
50 In reacting the compounds each having their respective groups in a number of one in the molecules, however, it Is usu- 
ally desired that the amine compound is used in an amount of from 0.8 to 1.2 moles arid, particularly, in an amount of 
from 0.9 to 1.1 moles per a mole of the carboxylic acid compound. 
[0106] It is desired that the amidation reaction is carried out in a solvent. 

[0107] The condensation reaction accompanied by the dehydration like the amidation reaction of the present inven- 
55 tion is usually carried out in a dehydrated nonprotonb solvent It was made obvious that when the quaternary ammo- 
nium salt represented by the above general formula (I) is used as a condensing agent, the reaction efficiently proceeds 
even in a protonic organic solvent or in a system in which water is also present. 

[0108] That is, in the method of preparing amides of the present invention, the amidation reaction can be carried 
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out in water, in a protonic organic solvent or in an organic solvent containing water. 

[0109] When an organic solvent containing water is used as a solvent, the organic solvent containing the water by- 
produced by the condensation reaction is isolated from the object product after tfie reactic^. The solvent can then be 
used again without treatment or through a simple dehydration treatment, as a solvent for the amidation reaction. 
5 [0110] Any solvent that is Industrially used can be used without limitation. Concrete examples of the solvent include 
ethers, such as water, tetrahydrofurane, 1,4-dioxane, diethyl ether and tert-butylmethyl ether; esters such as ethyl ace- 
tate, propyl acetate and butyl acetate; nitriles such as acetonitriie and propionrtrile; halogenated aliphatic hydrocarbons 
such as methylene chloride, chloroform and carbon tetrachloride; alcohols such as methanol, ethanol, isopropano) and 
tert-butanol; ketones such as acetone, methyl ethyl ketone and methyllsobutyt ketone; carbonates such as dimethyl car- 
lo bonate; aromatic hydrocarbons such as benzene, toluene and xylene; halogenated aromatic hydrocarbons such as 
chlorobenzene; amides such as dimethylformamide and dimethylacetamide; and dimethyl sulfoxides. 
[01 1 1 ] Among these solvents, there are preferalsly used, from the standpoint of expecting particularly high conden- 
sation yields, ethers such as tetrahydrofurane, 1,4-dioxane, diethyl ether and tert-butylmethyl ether; esters such as 
ethyl acetate, propyl acetate and butyl acetate; nitriles such as acetonitriie and propionitrile; halogenated aliphatic 
15 hydrocarbons such as methylene chloride and chloroform; alcohols such as methanol, ethanol, isopropanol and tert- 
butanol; ketones such as acetone, methyl ethyl ketone and methylisobutyi ketone; carbonates such as dimethyl carbon- 
ate; aromatic hydrocarbons such as benzene, toluene and xylene; and water. These solvents may be used in a single 
kind or being mixed together. 

[0112] There is no particular limitation on the concentration of the carboxync acid compound and the amine com- 
20 pound in the solvent. When the concentration is too low, however, the yield of the amide compound per one time of reac- 
tion is small, which is not economical. When the concentration is too high, on the other hand, stirring is impaired. 
Usually, therefore, the concentration is so selected that the concentration of the fomned amide compound in the solvent 
is from 0.1 to 80% by weight and, preferably, from 1 to 60% by weight. 

[0113] Next, described below is the procedure of operation of the method of preparing amides according to the 
25 present invention. 

[0114] In the method of preparing amides according to the present Invention as described above, the amidation 
reaction may, in principle, be conducted in the same manner as the conventional method that uses a condensing agent 
but using the quaternary ammonium salt represented by the above-mentioned general formula (I) as a condensing 
agent, and there is no limitation on the procedure of operation. From the standpoint of a high reaction yield and a short 
30 reaction time, however, it is desired to conduct the reaction by mixing three kinds of reaction reagents (i.e., condensing 
agent, carboxylic add compound and amine compound). In this case, the three kinds of the reaction reagents may be 
reacted being mixed together, and the components need not be made present in their forms in the reaction system. For 
instance, the carboxylic add compound and the amine compound may be made present in the form of a salt being neu- 
tralized. 

35 [0115] In the above method, there is no limitation on the method of mixing the above three kinds of reaction rea- 
gents. The reaction reagents may be simultaneously added to the reaction system to mix them together. Or, the reac- 
tk>n reagents may be successively added to the reaction system to mix them together. From the standpoint of 
operabllity and high reaction yield, however, it is desired to add the reaction reagents into the reaction solvent main- 
tained at a predetermined temperature successively at short time inten/als to mix them together. In this case, there is 

40 no particular limitation on the order of mixing the three components. Generally, however, it is important that the carbox- 
ylic acid compound and the amine compound undergo the neutralization reaction to form a salt thereof In the solvent. 
For this purpose, therefore, the condensing agent is usually added after the carboxylic acid compound and the amine 
compound have been added. 

[0116] Either the carboxylic acid compound or the amine compound may be added first. When the two are mixed 
45 together, however, the neutralization reaction takes place, usually, produdng the heat of neutralization. It Is probable, 
therefore, that the reaction system is heated at a high temperature right after the two compounds are added. If the con- 
densing agent is added thereto shortly thereafter, therefore, the amine compound may react with the condensing agent 
to deteriorate the yield. It is therefore desired that the condensing agent is added after the carboxylic acid compound 
and the amine compound are added and after the temperature of the reaction system has lowered down to a predeter- 
50 mined temperature. Or, it is desired that the temperature of the solvent has been lowered down to a sufficient degree 
prior to adding the carboxylic acid compound and the amine compound. 

[0117] An optimum reaction temperature in the amidation reaction may greatly differ depending upon the kinds of 
the cart>oxyIk: acid compound and the amine compound that are used, and cannot be definitely defined. When the tem- 
perature is too low, however, the rate of reaction becomes snnall and when the temperature is too high, there takes place 
55 a side reaction such as the reaction of the amine compound with the condensing agent. It is therefore desired that the 
reaction temperature lies between -30 and 60**C and, particularly, between -20 and 50°C. 

[0118] The reaction time may be suitably determined depending upon the kinds of the carboxylic acid compound 
and the amine compound that are use. Usually, however, the reaction time of from 0.1 to 8 hours and, preferably, from 
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1 to 6 hourSp is sufficient Further, the amidation reaction can be conducted under any one of normal pressure condition, 
elevated pressure condition or reduced pressure condition. 

[0119] TTie thus obtained amide compound can be feolated and refined by any known method without fimitation. 
Concretely speaking, when an organic solvent that is not compatble with water is used as the reac^on solvent, there 

5 can be employed a method which washes the reaction solution with an acidic aqueous solution, an alkaline aqueous 
solution or water after the reaction, distills the solvent off, and isolates and refines the compound by recrystallization or 
through the silica gel column chromatography. When an organic solvent compatble with water is used as the reaction 
solvent, on the other hand, the solvent is replaced by an organic solvent that is not compatible with water after the reac- 
tion, and the compound Is refined by the above-mentioned method. When the water is used as the solvent, an organic 

10 solvent that is not compatible with water is added so that the amkie connpound is extracted by an organic phase, and 
the compound is refined by the above-mentioned method. Thus, the amide compound is prepared industrially advanta- 
geously. 

(2) Method of preparing ester compounds by reacting a carboxylic acid compound with an alcohol compound by using 
IS the quaternary ammonium salt represented by the above general fomnula (1) as a condensing agent (hereinafter also 
referred to as a method of preparing esters of the Invention). 

[0120] The method of preparing esters of the resent invention can be carried out in the same manner as the con- 
ventional method of using a condensing agent but using the quaternary ammonium salt represented by the above gen- 
20 eral fonnnula (I) as a condensing agent Here, it is desired to mix the condensing agent comprising the above quatemary 
ammonium salt, a cart>oxyllc acid compound and an alcohol compound and react them together (hereinafter also 
referred to as esterificatkjn reaction) in the presence of a tertiary amine compound. Presence of the tertiary amine com- 
pound helps increase the rale of esterification reaction. 

[0121] In this case, there is no limitation on the kind and amount of the quaternary ammonium salt represented by 
25 the above general formula (I) used as the condensing agent, and the kind and the amount may be suitably determined 
depending upon the reaction system. The quaternary ammonium salts represented by the above general formula (I) 
can all be used for the preparation method. Among them, It is desired to use them that were exemplified above as the 
condensing agents that can be easily synthesized and are expected to offer high condensatk>n yields. When the 
amount of the condensing agent is too small, the condensation reaction is not finished. When the amount of the con- 
so densing agent is too large, the yield tends to decrease, it is therefore desired to use the condensing agent in an amount 
of from 0.9 to 3 moles and, particularly, from 0.95 to 2.5 moles per a mole of the carboxylic acid compound. 
[0122] As the carboxylic acid compound, further, there can be used an aliphatic carboxylic acid compound, an aro- 
matic carboxylic compound or an amino acid derivative of whk:h the amino group Is protected, which are the same as 
those used In the method of preparing amides of the present invention. The reaction proceeds under mild conditions 
35 and is very effective in esterifying a compound that is subject to be decomposed by heat. It is therefore desired to use 
an amino acid derivative of which the amino group Is protected, and its concrete examples are the same as those 
explained concerning the method of preparing amides of the present invention. 

[0123] As the alcohol compound used in the method of preparing esters of the present invention, there can be used 
those compounds having primary, secondary and tertiary hydroxyl groups without limitation. Concrete examples of the 

40 alcohol compound that can be preferably used include aliphatic alcohol compounds having 1 to 1 0 carbon atoms, such 
as methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-methyl-2-propanol, 1-pentanol, 2-pentanol, 3- 
pentanol, 2-methyl-2-pentanol, 3-methyt-3-pentanol, cyclop ropanol, cyclopentanol, cyclohexanol and cydoheptanol; 
and aromatic alcohol compounds having 6 to 1 2 carbon atoms, such as phenol, o-cresole, m-cresole, p-cresole, benzyl 
alcohol, 2-phenyl-1 -ethanol, 1 -phenyl- 1 -ethanol and 3-phenyl-1 -propanol. 

45 [0124] Among these alcohols, it is desired to use those which enable the esterification reaction to easily proceed, 
such as methanol, ethanol, 1-propanol, 1-butanol, 1-pentanol, cyclopropanol, cyclopentanol, cyclohexanol, cydohepta- 
nol, phenol, p-cresole, benzyl alcohol, 2-phenyl-1 -ethanol, and 3-phenyl-1 -propanol. These alcohol compounds are all 
available as Industrial starting materials or reagents. 

[0125] There is no particular limitation on the amount of the carboxylic acid compound and the ak^ohol compound 
so used in the method of preparing esters of the present invention. However, by taking into consideration the fact that the 
hydroxyl gmup of the alcohol compound stoichiometrically reacts with the carboxyl group of the carboxylic add com- 
pound and that the ateohol compound itself serves as a soh/ent, there is no particular limitation on the upper limit pro- 
vided a monohydric alcohol is used in a mole number equal to that of the cart^oxyl group of the carboxylic acid 
compound. However, when the amount of the alcohol compound Is too great relative to the carboxylic acid compound, 
55 the yield of the ester compound per a batch becomes small, wh'ich is not economical. It is therefore desired to use the 
alcohol compound in such an amount that the concentration of the carboxylic acid compound in the alcohol compound 
is not smaller than 0.1 % by weight 

[0126] The tertiary amine compound used, as required, in the method of preparing esters of the inventfon can be 
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used without fimrtation provided it has a tertiary amino group. Concrete examples of the tertiary amine compound that 
can t>e favorably used include aliphatic tertiary amines such as N-methylmorphoIlne, N-ethyfmorphollne, N-methylpyro- 
lidlne, N-ethylpyrolidlne. N-methylpiperldlne. N>ethylplperidine, N-nnethylindollne, N-methylisolndoline. triethyiamlne, 
tributylamlne, dimethyltsopropylamine, dtmethylcyclohexylamme, N.N,N',N'-tetramethylethylenediamine, N.N.N'.N'- 

5 tetramethylpropanedlamlne, and N,N,N',N'-tetramethyIbutanedlamine; and aromatic tertiary amines such as pyridine, 
N.N-dimethylaniline, N.N-diethylaniltne, N,N-dimethytbenzylamlne, N,N-diethylbenzyIamine, N-methylindole, N-methyl- 
isoindole, N-methylpyrrole, indoiizine and N-methytcarbazole. Among them, it is desired to use, from the standpoint of 
easily conducting the esteriflcation reaction, those such as N'methytmorphollne, N-ethylmorphoIlne, N-methylpyrrolid- 
Ine, N-ethylpyrrolldlne, N-methylpiperldlne, N-ethylplperidlne, triethyiamlne, tributylamlne, dlmethylisopropylamlne, 

10 dimethylcyclohexylamine, pyridine, N,N-dimethylaninne, N,N-diethytaniiine, N,N-dimethy (benzyl amine, and NJ,N-diethyi- 
benzylamine. These tertiary amine compounds are ail available as Industrial starting materials or reagents. 
[0127] There is no particular limitation on the amount of the tertiary amine compound. From the standpoint of the 
rate of reaction and the operability for isolation from the ester compound after the reaction, however, It is desired to use 
the tertiary amine compound in an amount of from 0.01 to 3 moles and, particulariy, from 0.05 to 2 moles par a mole of 

IS the carboxylic add compound. 

[0128] The esteriflcation reaction In the method of preparing esters of the invention is conducted by using the alco- 
hol compound as a solvent provided the alcohol compound has a melting point of not higher than O'^C. However, the 
reaction may be carried out by using any other organic solvent. In this case, a solvent that Is industrially used can be 
used as an organic solvent without limitation. The solvents that can be used are the same as those exemplified con- 

20 ceming the method of preparing amides of the present Invention. There can be further preferably used the solvents that 
are exemplified concerning the method of preparing amides of the present invention. The solvents can similarly be 
reused. When the solvent is used, there is no particular limitation on the concentrations of the carboxylic acid com- 
pound and the alcohol compound in the solvent. From the standpoint of the rate of reaction and the yield per a batch, 
however, their amounts should be so selected that the concentration of the fomned ester compound in the solvent is 

25 from 0.1 to 80% by weight and, preferably, from 1 to 60% by weight. 

[0129] There is no particular limitation on the procedure of operation for mixing and reacting the condensing agent 
comprising the quatemary ammonium salt of the invention, a carboxylb add compound and an alcohol compound in 
the presence of a tertiary amine compound. For example, the components may be simultaneously added to the reaction 
system and mixed, or the components may be suocessivety added to the reaction system and mixed. From the stand- 

30 point of operability and reaction yield, however, it is desired to add the components to the reaction solvent maintained 
at a predetermined temperature successively with short time intervals so as to be mixed together Here, though there 
is no particular limitation on the order of adding the four components, it is important that the carboxylic acid compound 
and the tertiary amine compound undergo the neutralization reaction to fonri a salt in the solution. Generally, therefore, 
the alcohol compound and the condensing agent are added after the carboxylic add compound and the tertiary amine 

35 compounds have been added. 

[0130] Either the carboxylic add compound or the tertiary amine compound may be added first. When the two are 
mixed together, however, the neutralization reaction takes place, usually, producing the heat of neutralization, immedi- 
ately after the addition of these two compounds, therefore, the reaction system may be heated. If the alcohol compound 
and the condensation agent are readily added, therefore, the alcohol compound reacts with the condensing agents to 

40 decrease the yield. Therefore, the condensing agent is added after the carboxylic add compound and the tertiary amine 
compound have been added and after the temperature of the reaction system has been lowered down to a predeter- 
mined temperature. Or, it is desired to lower the temperature of the solvent to a sufficient degree prior to adding the car- 
boxylic acid compound and the tertiary amine compound. 

[0131] An optimum reaction temperature in the esterification reaction may greatly differ depending upon the kinds 
45 of the cartsoxyllc acid compound and the amine compound that are used, and cannot be definitely defined. When the 
temperature is too low, however, the rate of reaction becomes small and when the temperature Is too high, there takes 
place a side reaction such as the reaction of the alcohol compound with the condensing agent. It is therefore desired 
that the reaction temperature lies between -30 and 60* C and, particularly, between -20 and 50 °C. 
[0132] The reaction time may be suitably detemiined depending upon the kind and the amount of the alcohol com- 
50 pound. Usually, however, the reaction time of from 0.1 to 40 hours and, preferably, from 1 to 24 hours, is sufficient Fur- 
ther, the amidation reaction can be conducted under any one of a normal pressure condition, an elevated pressure 
condition or a reduced pressure condition. 

[0133] The thus obtained ester compound can be Isolated and refined by any known method without limitation. 
Concretely speaking, when an organic solvent that Is not compatible with water is used as the reaction solvent, there 
55 can be employed a method which w^ishes the reaction solution with an acidic aqueous solution, an alkaline aqueous 
solution or water after the reaction, distills the solvent off, and isolates and refines the compound by recrystallization or 
through the silica get column chromatography. When an organic solvent compatible with water is used as the reaction 
solvent, on the other hand, the solvent is replaced by an organic solvent that is not compatible with water after the reac- 
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tion. and the compound is refined by the above-mentianed method. When the water is used as the soKfent, an organic 
solvent that Is not compatible with water is added so that the ester compound is extracted lay an organic phase, and the 
compound is refined by the above-mentioned method. Thus, the ester compound is prepared industrially advanta- 
geously. 

5 

[EXAMPLES] 

[0134] The invention will now be described by way of Woriclng Exanrples to which only, however, the invention is in 
noway limited. 

10 

(Preparation of condensing agents used in Examples 1 to 84 and Comparative Examples 1 and 2) 

[0135] Among the condensing agents comprising quatemary ammonium salts used in Examples 1 to B4, those in 
which X in the general formula (!') or (II) is chloro anion were prepared by reacting a triazine compound having a corre- 
IS spending structure represented by the formula (111) with a tertiary amine. Further, those in which X is a perchlorate anion 
and those in which X is a boron tetrafluoride anion were prepgu'ed by adding sodium perchlorate and sodium tetrafiuor- 
oborate to the reaction systems so as to be reacted. 

[0136] The carbodiimide condensing agents used in Comparative Examples 1 and 2 were those placed in the mar- 
ket as reagents. 

20 

(Example 1> 

[0137] Into a 30-ml eggplant-type flask, there were introduced 0.30 g (2 mmols) of a 3-phenylpropionic acid, 0.27 
g (2.2 mmols) of a phenetylamine and 5 ml of a tetrahydrofurane, which were, then, stirred at room temperature for 10 
25 minutes, followed by the addition of 0.61 g (2.2 mmols) of a 4-(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-4-metiTylmorpholinium 
chloride to conduct the reaction at room temperature for 3 hours. 

[0138] After the reaction, the tetrahydrofurane was distilled off, 50 ml of a diethyl ether was added thereto, and the 
mixture was washed with 20 ml of a saturated aqueous solution of sodium carbonate, 20 ml of 1 N hydrochloric acid and 
20 ml of water. The obtained organic phase was dried by using magnesium sulfate, the diethyl ether was distilled off, 
30 and the residue was isolated and refined through a silica gel column chromatography to obtain 0.46 g of an N-phenetyl- 
3-phenylpropi on amide (yield, 91%). 

(Examples 2 to 25) 

35 [0139] The operation was carried out in the same manner as in Example 1 but using carboxylic add compounds, 
amine compounds and solvents shown in Table 1 . The results were as shown in Table 1 . 
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(Examples 26 to 41) 

[0140] The operation was carried out in the same manner as in Example 1 but using the condensing agents and 
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solvents shown in Table 2. The results were as shown in Table 2. 
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(Example 42) 

[01 41 ] Into a 50-mi eggplant-type flask, there were introduced 0.30 g (1 mnriol) of a (Z)-2-(2-tert-butoxycarbonylami- 
noth!a2olyl-4-yt)-2-methoxylminoacetic add, 0.33 g (1 mmol) of a 7-ammo-3-acetoxymethyl-3-cephenn-4-carboxyiic 
5 acid tert-buty! ester and 10 ml of a methylene chloride, which were, then, stirred at room temperature for 10 minutes, 
followed by the addition of 0.29 g (1.05 mmols) of a 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride 
to conduct the reaction at room temperature for 3 hours. 

[0142] After the reaction, the after-treatment was conducted in the same manner as in Example 1 to obtain 0.49 g 
of a 7-[(Z)-2-(2-tert-butoxycarboaylaminothiazolyl-4-yl)-2-methoxyiminoacetamide]-3-aceloxynnethyl-3H;ephem-4-ca 
10 boxyllc acid tert-butyl ester (yield, 80%). 

(Examples 43 to 48} 

[0143] The operation was carried out in the same manner as In Example 42 but using, as carboxylic acid com- 
15 pounds, 2-aminothia2olylacetic acid derivatives and solvents shown in Table 3. The results were as shown in Table 3. 



23 




24 



EP 1 085 000 A1 



(Examples 49 to 58) 

[0144] The operation was carried out in the same manner as in Example 42 but usir^, as a carboxyRc acid com- 
pound, a (Z)*2-(2>aminothiazolyl-4>yt)-2-methoxyiminoacetic acid which is a 2-aminothiazoly1acetic acid derivative, and 
using, as amine compounds, 7-aminocephalosporanic acid derivatives shown in Table. 4. The results were as shown in 
Table 4. 
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(Example 59> 

5 [0145] Into a 100-ml eggplant-type flask, there were introduced 0.54 g (2 mnnols) of an N-tert-butoxycarbony (phe- 
nylalanine. 0.24 g (2 mmols) of a phenetylamine and 10 ml of a methylene chloride, whbh were, then, stirred at room 
temperature for 10 minutes, followed by the addition of 0.55 g (2 mmols) of a 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4- 
methylmorphorinium chloride to conduct the reaction at room temperature for 3 hours. 

[0146] After the reaction, 30 ml of water was added, and the extraction operation was carried out three times with 
TO 30 ml of methylene chloride. The separated methyfene chloride solution was collected, dried on magnesium sulfate and 
was condensed. The residue was isolated and refined through the silica gel column chromatography to obtain 0.57 g of 
an N'-(N-tert-butoxycarbonytphenylalanyl)phenetylamine (yield, 78%). 

(Example 6(^ 

15 

[0147] Into the 1 00-ml eggplant-type flask, there were introduced 0.54 g (2 mmols) of an N-tert-butoxycarbonylphe- 
nylalanine, 0.24 g (2 mmols) of a phenetylamine and 10 ml of a tetrahydrofuran, which were, then, stirred at room tem- 
perature for 10 minutes, followed by the addition of 0.55 g (2 mmols) of a 4-{4,6-dlmethoxy-1 ,3,5-triazin-2-yl)-4- 
methylmorphol]nium chloride to conduct the reaction at room temperature for 4 hours. 
20 [0148] After the reaction, the solvent was distilled off under a reduced pressure, 30 mi of water was added, and the 
extraction operation was carried out three times with 30 ml of methylene chloride. The separated methylene chloride 
solution was collected, dried on magnesium sulfate and was condensed. The residue was Isolated and refined thro ugh 
the sirtcB gel column chromatography to obtain 0.64 g of an N'-(N-tert-butoxycart>onylphenylalanyl)phenetylamine 
(yietel. 87%). 

25 

(Example 61 > 

[0149] The operation was carried out in the same manner as in Example 60 but using, as a solvent, a mixture solu- 
tion of 9 ml of tetrahydrofuran and 1 ml of water. As a result, there was obtained 0.62 g of an N'-(N-tert-butoxycarbonyI- 
30 phenylalanyl)phenetylamine (yield. 64%). 

(Example 62) 

[01 50] The operation was candied out in the same manner as in Example 58 but using, as a condensing agent, a 1 - 
35 (4,6-d1methoxy-1,3,5-triazin-2-yI)-1 -ethylpiperidinium chloride. As a result, there was obtained 0.57 g of an N'-(N-tert- 
butoxycarbonylphenylalanyl)phenetylamine (yield, 78%). 

(Example 63) 

40 [0151] The operation was carried out in the same manner as in Example 58 but using, as a condensing agent, a 
(4,6-dimethoxy-1,3,5-triazin'2-yl)pyridinium perchlorate. As a result, there was obtained 0.60 g of an N'-(N-tert-butoxy- 
carbonylphenylalanyl)phenetylamine (yield, 81%). 

(Exannple 64) 

45 

[0152] The operation was carried out in the same manner as in Example 58 but using, as a condensing agent, 0.47 
g (1 mmol) of a 1,4-bis(4,6-dimethoxy-1,3,5-triazin-2-yl)-1,4-dimethylpiperadinium dichloride. As a result, there was 
obtained 0.62 g of an N*-(N-tert-butoxycarbonylphenylalanyl)phenetylBmine (yield, 84%). 

50 (Example 65) 

[0153] Into the 1 00-ml eggplant-type flask, there were introduced 1 .33 g (5 mmols) of an N-tert-butoxycarbonylphe- 
nyl alanine, 0.90 g (5 mmols) of a phenetylaminemethyf ester and 20 ml of a methylene chloride, which were, then, 
stirred at room temperature for 10 minutes, followed by the slow addition of 1.43 g (5 mmols) of a 4-(4,6-dimethoxy- 
55 1 ,3,5-triazin-2-yl)-4-methylmorpholinium chloride to conduct the reaction for 4 hours. 

[0154] After the reaction, 30 ml of the methylene chforide was added, and the mixture was washed with 30 ml of 
water. The solution was separated, dried on magnesium sulfate, condensed and was isolated and refined through the 
silica gel column chromatography to obtain 1 .80 g of an N-tert-butoxycarbonyl-L-phenylalanyt-L-phenylalaninenriethyl 
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IS 



20 



25 



ester (yield. 84%). 
(Example 6^ 

[0155] The operation was carried out in the same manner as in Example 65 but using, as a condensing agent, 1.16 
9 {2.6 nnnnols) of a 1,4-bis(4,6-dinr»etho)cy-1,3,5-tria2in-2-yl)-1,4-dimethylpiperadimum dichloride. As a result, there was 
obtained 1 .83 g of an NI-tert-butoxycarfoonyl-L-phenytalanyl-L-phenyialaninemethyl ester (yield, 86%). 

(Examples 67 to 71) 

[0156] The operation was carried out in the same manner as In Example 65 but under the reaction conditions 
shown in Table 5. The results were as shown in Table 5. 



Table 5 



Ex. No. 


Solvent 


Reaction temp. (*C) 


Reaction time (hrs) 


Yield (%) 


67 


methylene chloride 


0 


4 


85 


68 


tetrahydrofuran 


25 


7 


90 


69 


aceto nit rile 


25 


4 


87 


70 


ethyl acetate 


25 


6 


82 


71 


tetrahydrofurane/water= 9/1 


25 


4 


72 



(Examples 72 to 84) 



[01 57] The operation was carried out in the same manner as in Example 65 but using, as a carboxylic acid com- 
pound, amino acids of which the amino group is protected shown in Table 6 and using, as an amine compound, amino 
30 acids of which the carboxyi group is protected shown in Table 6. The results were as shown in Table 6. 
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{Comparative Example 1} 

[0158] Into the 30-ml eggplant-type flask, there were introduced 0.3 g (2 mmols} of a 3-phenylpropionic acid, 0.27 
g (2.2 nrvnols) of a phenetylannine and 5 nnl of a nnethanol, which were, then, stirred at room temperature for 1 0 minutes, 
followed by the slow addition of 0.45 g (2,2 mmols) of a dicyclohexylcarbodiimlde (manufactured by Wako Junyaku Co.) 
to conduct the rea^ion at room temperature for 3 hours, 

[0159] After the reaction, methanol was distilled off, 50 ml of diethyl ether was added, and the mixture was washed 
with 20 ml of a satunated aqueous solution of sodium carbonate, 20 ml of 1 N hydrochloric acid and 20 ml of water. The 
obtained organic phase was dried on magnesium sulfate, the diethyl ether was distilled off. and the reskiue was isolated 
and refined through the silica gel column chromatography to obtain an N-phenetyl-3-phenylpropionamids In such a 
small amount as 0.03 g (yield, 5%). 

(Comparative Example 2) 

[0160] The operation was carried out in the same manner as in Comparative Example 1 but using a hydrochloric 
acid 1-ethyl-3-(3-dlmethylaminopropyl)carbodnmide (manufactured by Wako Junyaku Co.) instead of the dicyclohexyl- 
carbodiimlde. As a result, there was obtained an N-phenetyl-3-phenylpropionamide in such a small amount as 0.04 g 
(yield, 8%). 

(Example 85) 

[0161] Into the 30-ml eggplant-type flask, there were introduced 0.30 g (2 mmols) of a 3-phenylpropionic acid, 0.22 
g (2.2 mmols) of an N-methylmorphollne and 5 ml of methanol, which were, then, stirred at room temperature for 10 
minutes, followed by the slow addition of 0.61 g (2.2 mmols) of a 4-(4,6-dlmethoxy-1,3,5-triazin-2-yl)-4-methylmorpho- 
linium chloride (hereinafter abbreviated as MMCDMT) to conduct the reaction at room temperature for 4 hours. 
[0162] After the reaction, methanol was distilled off, 50 ml of a diethyl ether was added, and the mixture was 
washed with 20 ml of a saturated aqueous solution of sodium carbonate, 20 ml of 1 N hydrochloric acid and 20 ml of 
water. The obtained organic phase was dried on magnesium sulfate, the diethyl ether was distilled off, and the residue 
was isolated and refined through the silica gel column chromatography to obtain 0.28 g of a methyl 3-phenylpropionate 
(yield, 86%). 

(Examples 86 to 1 00) 

[0163] The operation was carried out in the same manner as in Example 85 but using carboxylic acid compounds 
and alcohol compounds shown in Table 1 and using MMCDMT and N-methylmorpholine in amounts as shown in Table 
1 . The results were as shown in Table 7. 
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(Examples 101 to 1 16) 

[0164] The procedure was carried out in the same manner as in Example 85 but using the condensing agents 
shown in Table 8. The results were as shown in Table 6. 



•o J 




31 



EP 1 085 000 A1 



<Example 117) 

5 [0165] Into the 1 00-ml eggp!ant-type flask, there were Introduced 0.54 g (2 nrvnots) of an N-tert-butoxycarbonylphe- 
nytalanine, 0.24 g (2.4 mmols) of an N-methybmorpholine and 10 nnl of methanol, which were, then, stirred at room tem- 
perature for 10 minutes, followed by the addition of 0.55 g (2 mmols) of MMCDMT to conduct the reaction at room 
temperature for 3 hours. 

[0166] After the reaction. 30 ml of water was added, and the extraction operation was conducted three times with 
10 30 ml of methylene chloride. The separated methylene chloride solution was collected, dried on magnesium sulfate, 
condensed, and the residue was isolated and refined through the silica gel column chromatography to obtain 0.53 g of 
an N-tert-butoxycarbonylphenylalaninemethyl ester (yield, 94%). 

(Example 116) 

15 

[0167] The operation was canrled out in the same manner as in Example 1 1 7 but using a 1 -(4.6-dimethoxy-1 ,3.5- 
triaz{n-2-y{)-1-ethylpiperidinium chloride as a condensing agent. As a result, there was obtEuned 0.52 g of an N-tert- 
butoxycarbonylphenylalaninemethyl ester (yield, 93%). 

20 (Example 119) 

[0168] The operation was carried out in the same manner as in Example 1 1 7 but using a (4,6-dimethoxy-1 ,3,5-tri- 
azin-2-yl)pyridlnlum perchlorate as a condensing agent. As a result, there was obtained 0.46 g of an N-tert-butoxycar- 
bonylphenylalaninemethyl ester ^ield, 83%). 

25 

{Example 120) 

[0169] The operation was carried out in the same manner as in Example 117 but using 0.47 g (1 mmol) of a 1,4- 
bis(4.6-dimethoxy-1,3.5-tria2in-2-yI)-1,4-dimethylpiperadinium chloride as a condensing agent. As a result, there was 
30 obtained 0.50 g of an N-tert-butoxycarbonylphenylalaninemethyl ester (yield, 90%). 

(Examples 121 to 133} 

[0170] The procedure was carried Out in the same manner as in Example 117 but using protected amino acids 
35 shown in Table 9. The results were as shown in Table 9. 
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(Example 134> 

[0171] Into the 30-ml eggplant-type flask, there were introduced 0.30 g (2 mmols) of a 3-phenytpropiontc acid, 0.61 
g (6 mmols) of an N-methyfrnorphoIine, 0.24 g (2.2 mmols) of a benzyl alcohol and 5 ml of a tetrahydrofuran, which 
5 were, then, stirred at room temperature for 1 0 minutes, followed by the addition of 1.65 g (6 mmols) of MMCDMT to con- 
duct the reaction at room temperature for 22 hours. 

[0172] After the reaction, the tetrahydrofuran was distilled off, 50 ml of a diethyl ether was added, and the mixture 
was washed with 20 ml of a saturated aqueous solution of sodium carbonate, 20 ml of 1N hydrochloric acid and 20 ml 
of water. The obtained organic phase was dried on magnesium sulfate, the diethyl ether was distilled off, and the resl- 
10 due was isolated and refined through the silica gel column chromatography to obtain 0.43 g of a benzyl 3-phenylpropi- 

onate (yield, 89%). 

(Examples 135 to 149) 

15 [01 73] The operation was carried out in the same manner as in Example 1 34 but using carboxylic actd compounds, 
solvents and alcohol compounds shown in Table 10. The results were as shown in Table 1 0. 
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(Preparation of Condensing Agents) 
(Preparation Exaniple 1) 

5 [0174] Into a 500-ml eggplant-type flask, there were introduced 3.51 g (0.02 mols) of a 2-chloro-4,6-dimethoxy- 
1 ,3.&-triazine and 300 ml of a tetrahydrofuran, which were, then, stirred at room temperature for 10 minutes, followed 
by the addition of 2.22 g (0.02 mols) of a quinudidlne to conduct the reaction at room temperature for 1 0 nninutes. The 
precipitated crystals were sucked and filtered, washed with 50 ml of a tetrahydrofuran, and were dried under a reduced 
pressure to obtain 5.20 g of white crystals (yield. 90.7%). 

10 [0175] Through ^H-NMR, IR, ESI (Electrospray lonizatton)-MS and elemental analysis, the obtained white crystals 
exhibited the following results. 

[Results of analysis] 

15 [0176] 

® ''H-NMR(CD30D)o : 2.17 (m, 6H, c), 2.32 (m, 1 H. d). 4.03 (t, 6H, b), 4.15 (s, 6H, a) 
® IR (KBr, cm ''): 1592, 1464. 1374, 1096 
® ESI-MS: m/z 251 .3 [(M - CI)*] 

20 ® 



25 



Elemental analysis C^2^^i 9^1^402: 


Calculated: 
Measured: 


C. 50.26; 
C, 50.12; 


H, 6.68; 
H. 6.62; 


N, 19.54 
N. 19.48 



30 [0177] From the above results of analysis, it was confirmed that the obtained white crystals were those of a 1-(4,6- 
dimethoxy-1,3,5-triazin-2-yl)quinundinium chloride represented by the following fomnula (Vlll) 




(VIII) 



45 

which was a quaternary ammonium salt of the present invention. 
(Preparation Example 2) 

50 [0178] The operation was canied out in the same manner as in Preparation Example 1 but using 2.54 g (0.02 mols) 
of a 3-quinuclidinol to obtain 5.95 g (yield, 98.3%) of white crystals of a 1-(4,6-dimethoxy-1,3,5-tria2in-2-yl)-3-hydroxy- 
quinuclidinium chloride represented by the following general formula (IX) 
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5 



10 




(IX) 



<e) 

15 



which was a quaternary ammonfum salt of the present invention. The structure of the product was confirmed by the 
sanne analysis as that of Preparation Example 1 . Described below are the results of analysis. 

20 

[Results of analysis] 
[0179] 

25 ® '•H-NMR(CD30D)o: 2.06 (m, 2H, c), 2.23 (m, 1H, c), 2.34 (m, 1H, d), 2.47 (m. 1H, c), 3.76 (m, 1H, g), 3.90 - 

4.04 (m, 4H, b. g), 4.15 (s, 6H, a), 4.21 (m. 1H. b). 4.37 (m. 1H, f). 4.77 (s, 1H, e) 
@ IR (KBr, cm-^): 3404. 1616. 1478, 1376. 1112 
® ESI-MS: m/z 267.3 [{M - Cl)-^ 
® 

30 





Elemental analysis Ci2HigClN403: 


35 


Calculated: 


C, 47.61 ; 


H, 6.33; 


N. 18.51 




Measured: 


C, 47.55; 


H. 6.24; 


N, 18.48 



(Preparation Example 3) 

40 

[01 80] The operation was carried out in the same manner as in Preparation Example 1 but using 2.50 g (0.02 mols) 
of a 3-quinuctidinon to obtain 4.87 g (yield, 61.0%) of white crystals of a 1-(4,6-dimethoxy-1,3,5-tnazin-2-yl}-3-oxoqui- 
nuclidinium chloride represented by the following general formula (X) 



45 



50 




(IX) 



which v/as a quaternary ammonium salt of the present invention. The structure of the product was confimned by the 
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same analysis as that of Preparation Example 1 . Described below are the results of analysis. 
[Results of analysis] 
5 [0181] 

® ^H-NMR(CD30D)o: 2.36 (m. 2H, c), 2.52 (m. 2H. c). 2.92 (m, 1H. d), 4.11 (m. 2H. b). 4.17 (s, 6H, a), 4.36 (m. 
2H. b), 4.77 (s, 2H. e) 
(2) IR (KBr, cm "*): 1748, 1576. 1468, 1370 
10 @ ESI-MS: m/z 265.2 [(IVI - CO*] 

® 



15 


Elemental analysis 2*^1 7^ "^4^3- 




Calculated: 


C. 47.92: 


H. 5.70; 


N, 18.63 




Measured: 


C, 47.83; 


H. 5.58; 


N, 18.60 



20 

(Preparation Exannple 4) 



[0162] The operation was carried out in the same manner as in Preparation Example 1 but using 4.07 g (0. 02 mols) 
of a 2-chloro-4,6-diethoxy-1 ,3,5-triazine and 2J22 g (0.02 mols) of a quinudidine to obtain 5.73 g (yield, 91 .0%) of white 
25 crystals of a 1 -(4,6-diethoxy-1 ,3,5-tnazin>2-yl)quinuclidinium chloride represented by the following general formula (XI) 



30 



35 




OCH2CH3 



cx:h2CH3 



(XI) 



40 which was a quaternary ammonium salt of the present invention. The structure of the product was confirmed by the 
same analysis as that of Preparation Example 1 . Described below are the results of analysis. 

[Results of analysis] 

45 [0183] 

® ''H-NMR(CD3GD)o: 1.22 (t, 6H, b), 2.18 (m. 6H, d), 2.32 (m, 1H. e), 4.04 (t, 6H, c). 4.08 (q, 4H. a) 
® IR (KBr, cm-''): 1593, 1466. 1374, 1095 
® ESI-MS: m/z 279.3 [(M - Cl)+] 
50 ® 



Elemental analysis C14H23CIN4O2: 


Calculated: 
Measured: 


C. 53.41; 
C, 53.32; 


H. 7.36; 
H, 7.25; 


N, 17.B0 
N, 17.73 
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(Preparation Example 5) 

[0184] The operation was carried out in the same manner as in Preparation Example 1 but using 4.07 g (0.02 mols) 
of a 2-chloro-4,6-diethoxy>1,3,5'triazine and 2.54 g (0.02 mols) of a 3-quinuclidinol to obtain 6.51 g (yield, 98.4%) of 
5 white crystals of a 1 -(4,6<riethoxy-1 .3,5-tria29n-2-yl)-3-hydroxyquinucndinium chloride represented by the foDowing gen- 
eral formula (XII) 

10 

? — ^ 

(XII) 



HO (g) (h) 

(f ) 




20 



which was a quaternary ammonium salt of the present invention. The structure of the product was confirmed by the 
same analysis as that of Preparation Example 1 . Described below are the results of analysis. 

25 

[Results of analysis] 
[0185] 

30 ® ^H-NNR(CD30D)a: 1.23 (t, 6H, b), 2.06 (m, 2H, d), 2.22 (m. 1H, d). 2.35 (m, 1H. e). 2.47 (m. 1H, d), 3.77 (m, 

1 H, h), 3.B9 - 4.04 (m, 4H, c. h), 4.08 (q. 4H, b). 4.21 (m, 1H. c), 4.37 (m, 1H. g), 4.78 (s, 1H, f) 
@ IR(KBr, cm"''): 3406, 1616, 1479. 1376. 1110 
@ ESI-MS: m/2 295.3 ((M - Cl)^ 
® 

35 





Elemental analysis Ci4H2aCIN403: 


40 


Calculated: 


C, 50.83; 


H, 7.01; 


N, 16.94 




Measured: 


C, 50.75; 


H, 6.90; 


N, 16.79 



(Preparation Example 6) 

45 

[0186] The operation was carried out in the same manner as in Preparation Example 1 but using 6.00 g (0.02 mols) 
of a 2-chloro-4,6-diphenoxy-1,3,5-triazine and 2.22 g (0.02 mols) of a quinuclidine to obtain 7.42 g (yield, 90.3%) of 
white crystals of a 1-(4,6-diphenoxy-1,3,5-triBzin-2-yt)-3<quinuclidinium chloride represented by the following general 
formula (Xlli) 

so 



55 



39 



EP 1 085 000 A1 




which was a quaternaiy ammonium salt of the present invention. The structure of the product was confimied by the 
same analysis as that of Preparation Example 1. Descnbed below are the results of analysis. 

[Results of analysis] 

[0187] 

(D ''H-NMR(CD30D)o: 2.1 7 (m, 6H. c). 2.33 (m, 1H, d), 4.03 (t, 6H, b), 7.10 - 7.36 (m, 10H, a) 
® IR (KBr, cm-''): 1593, 1463, 1374, 1098 
Q> ESI-MS: m/z 375.4 [(M - CI)*] 
® 



Elemental analysis C22H23CIN4O2: 


Calculated: 
Measured: 


C, 64.31; 
C, 64.1 B; 


H, 5.64; 
H, 5.51; 


N, 13.64 
N, 13.55 



(Preparation Example 7) 

[0188] The operation was carried out in the same manner as in Preparation Example 1 but using 6.00 g (0.02 mols) 
of a 2-chtoro-4,6-diphenoxy-1,3,5-triazine and 2.54 g (0.02 mols) of a 3-quinuclidino] to obtain 8.38 g (yield, 98.1%) of 
white crystals of a 1-(4,6-dqphenoxy-1,3,5-triazin-2-yl)-3-hydroxyquinucndinium chloride represented by the following 
general formula (XIV) 




(XIV) 



(e) 



which was a quaternary ammonium salt of the present invention. The structure of the product was confirmed by the 
same analysis as that of Preparation Example 1 . Described below are the results of analysis. 
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[Results of analysis] 
[0189] 

5 ® ''H-NMR(CD30D)o: 2.05 (m, 2H, c). 2.23 (m. 1 H, c), 2.34 (m. 1 H, d), 2.47 (m, 1 H, c), 3.77 (m, 1H, g).3.91 - 4.06 

(m, 4H. b, g), 4.21 (m, 1H. b). 4.35 (m. 1H. f), 4.77 (s, 1 H, e), 7.10 - 7.35 (m, 10H, a) 
® IR{KBr. cm-''): 3404, 1614. 1478, 1376, 1110 
@ ESI-MS: mfz 391.4 [(M - CI)^ 
® 

10 





Elemental analysis C22H23CIN4O3: 


IS 


Calculated: 


C, 61 ,90; 


H, 5.43; 


N, 13.12 




Measured: 


C, 61.83; 


H, 5,31; 


N, 13.02 



(Example 150) 

20 

[0190] Into the 30-ml eggplant-type flask, there were introduced 0.30 g (2 mmols) of a 3-phenylpropionic acid, 0.27 
g (2.2 mmols) of aphenetylamine as an amine compound and 5 ml of a tetrahydrof uran as a solvent, which were, then, 
stirred at room temperature for 10 minutes, followed by the addition of 0.67 g (2.2 mmols) of the 1 -(4,6-dlmelhoxy-1 ,3,5- 
triazin-2-yl)-3-hydroxyquinuclidin!um chloride to conduct the reaction at room temperature for 3 hours. 
25 [0191] After the reaction, the tetrahydrof uran was distilled off, 50 ml of a diethyl ether was added, and the mixture 
was washed with 20 ml of a saturated aqueous solution of sodium carbonate, 20 ml of 1 N hydrochloric acid and 20 ml 
of water. The obtained organic phase was dried on magnesium sulfate, the diethyl ether was distilled off, and the resi- 
due was isolated and refined through the silica gel column chromatography to obtain 0.48 g of an N-phenetyl-3-phenyl- 
proptonamide (yield, 95%). 

30 

(Examples 151 to 174) 

[0192] The operation was carried out In the same manner as in Example 150 but using carboxylic acid compounds 
and amine compounds shown In Table 1 1 . The results were as shown in Table 1 1 . 
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(Examples 175 to 186) 

[0193] The operation was carried out in the same manner as in Example 150 but using quaternary ammonium salts 
(prepared in Preparation Examples 1 and 3 to 7) and solvents shown in Table 12. The results were as shown in Table 
5 12. 

10 

IS 
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(Example 167) 

[0194] Into the 50-nil eggplant-type flask, there were introduced 0.30 g (1 mmol) of a (Z)-2-(2-tert-butoxycafbo- 
nyiaminothia2olyl-4-yl)-2-methoxyiminoacetic acid as a carboxylic acid compound, 0.33 g (1 mmol) of a 7-amino-3-ace- 
toxymethyl-3-cephenrv4-carboxyiic acid tert-butyt ester as an amine compound and 1 0 ml of a methylene chloride as a 
solvent, which were, then, stirred at room temperature for 10 minutes, followed by the addition of 0.33 g (1.1 mmols) of 
the same 1-(4,6-dlmetho)cy*1,3,5-triaztn-2-yl)-3'hydroxyquinucndinium chloride as the one prepared in the Preparation 
Example 2 as a condensing agent to conduct the reaction at room temperature for 3 hours. 

[0195] After the reaction, the after-treatment was conducted in the same manrter as in Example 1 50 to ob^in 0.57 
g of a 7-[(ZV2-(2-tert-birtoxycarbonylamlnothiazolyl-4-yl>-2-methoxyiminoacetamide]-3-acetoxymethyl-3 
carboxylic acid tert -butyl ester (yield, 93%). 

(Examples 1 88 to 1 93) 

[0196] The operation was carried out in the same manner as in Example 187 but using, as carboxylic acid com- 
pounds, 2-amlnothiazole acetic derivatives and solvents shown in Table 13. The results were as shown in Table 13. 
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(Examples 1 94 to 203) 

[0197] The operation v/as conducted in the same manner as in Example 1 87 but using a (2)-2-(2-aminothia20lyl-4- 
yl)-2-methoxyiminoac8tic add which is a 2-aminothiazolylacettc acid derivative as a cafboxylic acid compound and 
5 using 7-aminocephalosporanic add derivatives shown in Table 14 as Eimlne compounds. The results were as shown in 
Table 14. 
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(Example 204) 

[0198] Into the 100-ml eggplant-type flask, there were Introduced 0.54 g (2 mmols) of an N-tert-butoxycarbonyH- 
phenylalanine as a carboxyOc acid cximpound, 0^4 g (2.4 mmols) of a phenetylamine as an amine compound and 10 

5 ml of a tetrahydrof uran as a solvent, which were, then, stirred at room temperature for 1 0 minutes, followed by the addi- 
tion of 0.61 g (2 mmols) of the same 1-(4,6-dimethoxy-1,3,5-triazin-2-yl)-3-hydroxyquinucndinium chloride as the one 
prepared in Preparation Example 2 as a condensing agent to conduct the reaction at room temperature for 3 hours. 
[0199] After the reaction, 30 ml of water was added, and the extraction operation was conducted three times with 
30 ml of methylene chloride. The separated methylene chloride solution was collected, dried on magnesium sulfate, 

10 condensed, and the residue was isolated and refined through the silica gel column chromatography to obtain 0.66 g of 
an N'*(N-tert-butoxycarbonyi-L-phenylalanyi)phenetytemine (yield, 90%). 

(Example 205) 

15 [0200] The operation was carried out in the same manner as in Example 204 but using the same 1 •(4,6-dlmethoxy- 
1 ,3,5-triazin-2-yl)quinuciidinium chloride as the one prepared in Preparation Example 1 as a condensing agent. As a 
result, there was obtained 0.65 g of an N'-(N-tert-butoxycarbonyl-L-phenylalanyl)phenetylamtne (yield, 86%). 

(Example 206) 

20 

[0201] The operation was carried out in the same manner as in Example 204 but using the same 1 -(4,6-dimethoxy- 
1 ,3,5-triazin-2-yl)-3-oxoquinuclidinium chloride as the one prepared in Preparation Example 3 as a condensing agent. 
As a result, there was obtained 0.63 g of an N'-<N^ert-butoxycart>onyl-L-phenylalanyl]phenetylamine (yield, 65%). 

25 (Example 207) 

[0202] Into the 100-mI eggplant-type flask, there were introduced 1 .33 g (5 mmols) of an N-tert-butoxycarbonyl-L- 
phenylalanine as a carboxylic acid compound, 0.90 g (5 mmols) of an L-phenetylaminemethy! ester as an amine com- 
pound and 20 ml of a methylene chloride as a solvent, which were, then, stirred at room temperature for 10 minutes, 
30 followed by the slow addition of 1 .51 g (5 mmols) of the same 1 -(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-3-hydroxyguinuclidin- 
ium chloride as the one prepared in Preparation Example 2 as a condensing agent to conduct the reaction for 4 hours. 
[0203] After the reaction, 30 ml of methylene chloride was added, and the mixture was washed with 3D ml of water, 
dried on magnesium sulfate, condensed, and was isolated and refined through the silica gel column chromatography to 
obtain 1 .95 g of an N-tert-butoxycarbonyl-L-phenylalanyl-L-phenylalaninemethyl ester (yield, 91%). 

35 

(Example 208> 

[0204] The operation was carried out in the same manner as in Example 207 but using the same 1 -(4,6>dimethoxy- 
1 ,3,5-triazin-2-yl)quinuclidinium chloride as the one prepared in Preparation Example 1 as a condensing agent. As a 
40 result, there was obtained 1.88 g of an N-tert-butoxycarbonyl-L-phenylalanyl-L-phenylaminemethyl ester (yield. 88%). 

(Exannpies 209 to 221} 

[0205] The operation was carried out in the same manner as in Example 207 but using amino acids of which the 
45 amino group is protected shown in Table 1 5 as carboxylic acid compounds and using amino acids of which the carfaoxyl 
group is protected shown in Table 15 as amine compounds. The results were as shown in Table 15. 
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{Example 222) 

[0206] Into the SOhtiI eggplant-type flask, there were introduced 0.30 g (2 mmols) of a 3-phenytpropionic acid as a 
carfaoxylic acid compound, 0.22 g (22 mmols) of an N-methylmorphofine as a tertiary amine compound and 5 ml of a 
5 methanol as an alcohol compound, which were, then, stirred at room temperature for 1 0 minutes, followed by the addi- 
tion of 0.61 g (2.2 mmols) of the same 1 -(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-3-hydroxyquinuclidinium chloride as the one 
prepared in Preparation Example 2 to conduct the reaction at room temperature for 4 hours. 

[0207] After the reaction, the methanol was distilled off, 50 ml of a diethyl ether was added, and the mixture was 
washed with 20 ml of a saturated aqueous solution of sodium carbonate, 20 ml of 1 Kl hydrochloric acid and 20 ml of 
10 water. The obtained organic phase was dried on nnagnesium sulfate, the diethyl ether was distilled off. and the residue 
was isolated and refined through the silica gel column chromatography to obtain 0.29 g of a methyl 3-phenyIpropinate 
(yield, 88%). 

(Examples 223 to 237) 

15 

[0208] The operation was carried out in the same manner as in Example 222 but using carboxylic acid compounds, 
alcohol compounds and condensing agents shown in Table 16, and using the N-methylmorphollne in amounts as 
shown in Table 16, to obtain ester compounds. The results were as shown in Table 16. 
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(Examples 238 to 24^ 

[0209] The operation was carried out in the same manner as in Exannple 222 but using the condensing agents 
shown in Table 1 7 to obtain ester compounds. The results were as shown in Table 17. 



Table 17 





Ex.No. 


Condensing agent 


Reaction time (hrs) 


Yield (%) 


TO 


238 


1 -(4,6-dimethoxy-1 ,3,5-tria2ine-2-il)quinudidinium chloride 


4 


91 




239 


1 -(4.6-dlmethoxy-1,3,5-tiia2lne-2-il)-3-oxoqulnudidinlum chloride 


4 


88 




240 


1 -(4,6-diethoxy-1 ,3^-tnazine-2-il)quinucndinium chloride 


4 


90 




241 


1 •(4,6'diethoxy-1,3,5*tiiazin8-2-tOhydro}cyqulnucl1dinlum chloride 


4 


88 


15 


242 


1 -(4.6-dlphenoxy-1 ,3.5-tria2lne-2-ll)quinudidlnlum chloride 


4 


85 




243 


1 -(4,6-diphenoxy-1 ,3,5-triazine-2-il)-3-hydroxyquinucndtnium chloride 


4 


83 



20 (Example 244) 

[0210] Into the 100-ml eggplant-type flask, there were introduced 0.54 g (2 mmols) of an N-tert-butoxycarbonyl-L- 
phenylalanine as a carboxylic acid compound, 0.24 g (2.4 mmols) of an N-methylmorpholine as a tertiary amine com- 
pound and 10 ml of methanol as an alcohol compound, which were, then, stirred at room temperature for 10 minutes, 
25 followed by the addition of 0.61 g (2 mmols) of the same 1-(4,8-dimethoxy-1,3,5-triazin-2-yl)-3-hydroxyquinuclidinium 
chloride as the one prepared in Preparation Example 2 as a condensing agent to conduct the reaction at room temper- 
ature for 3 hours. 

[0211] After the reaction, 30 ml of water was added, and the extraction operation was conducted three times with 
30 ml of methylene chloride. The separated methylene chloride solution was collected, dried on magnesium sulfate, 
30 condensed, and the residue was isolated and refined through the silica gel column chromatography to obtain 0.53 g of 
an N-tert-butoxycarbonyl-L-phenylalaninemethyl ester (yield, 94%). 

(Example 245) 

35 [0212] The operation was carried out in the same manner as in Example 244 but using the same 1 •(4,6-dlmethoxy- 
1 ,3,5-triazin-2-yl)quinuclidinium chloride as the one prepared in Preparation Example 1 as a condensing agent. As a 
result, there was obtained 0.52 g of an N-tert-butoxycarbonyl-L-phenylalaninemethyl ester (yield, 93%). 

(Example 246) 

40 

[021 3] The operation was carried out in the same manner as in Example 244 but using the same 1 -(4,6-dimethoxy- 
1 ,3,5-triazin-2-yl)-3-oxoquinuclld1nium chloride as the one prepared in Preparation Exannple 3 as a condensing agent. 
As a result, there was obtained 0.49 g of an N-tert-butoxycarbonyl-L-phenylalaninemethyl ester (yield, 88%). 

45 (Examples 247 to 259) 

[021 4] The operation was carried out in the same manner as in Example 244 but using protected amino acids 
shown in Table 1 B as carboxylic acid compounds to obtain ester compounds. The results were as shown in Table 1 8. 
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(Example 26Q> 

[0215] Into the 30-mI eggplant-type flask, there were introduced 0.30 g (2 mmols) of a 3-phenylpropionic add as a 
carboxylic acid conapound, 0.61 g (6 mnnols) of an N-methylmorphonne as a tertiary amine compound, 0.24 g (2.2 
5 mmols) of a benzyl abohol as an alcohol compound and 5 ml of a tetrahydrofuran, which were, then, stirred at room 
temperature for 10 minutes, followed by the addition of 1.82 g (6 mmols) of the same 1 -(4,6-d1methoxy-1 ,3^5-triazin>2- 
yQ-S-hydroxyquinuclidinium chloride as the one prepared in Preparation Example 2 as a condensing agent to conduct 
the reaction at room temperature for 22 hours. 

[021 6] After the reaction, the tetrahydrofuran was distilled off, 50 ml of a diethyl ether was added, and the mixture 
10 was washed with 20 ml of a saturated aqueous solution of sodium carbonate, 20 ml of 1 N hydrochloric add and 20 ml 
of water. The obtained organic phase was dried on magnesium sulfate, the diethyl ether was distilled off, and the rest* 
due was isolated and refined through the silica gel column chromatography to obtain 0.43 g of a benzyl 3-phenylpropi- 
nate (yield, 90%). 

IS <Exannple 261) 

[0217] Into the 100-ml eggplant-type flask, there were introduced 2.65 g (0.01 mol) of an N-tert-butoxycarbonyl-L* 
phenylalanine, 1,21 g (0.01 mol) of a 2-phenylethylamine and 45 ml of an ethyl acetate (water content of 300 ppm), 
which were, then, stirred for 1 0 minutes, followed by the addition of 2.77 g (0.01 mol) of a 4-(4,6-dimethoxy-1 ,3,5-triazin- 

20 2-yl)-4-methy!morpholinium chloride to conduct the reaction at room temperature for 3 hours. 

[0218] After the reaction, the reaction solution was washed with 30 ml of water, 30 ml of 1 N hydrochloric add and 
30 ml of an 1 N sodium hydroxide aqueous solution. Thereafter, ethyl acetate was distilled off under a reduced pressure, 
and the residue was isolated and refined through the silica gel column chromatography to obtain 3.30 g of an N*-(N-tert' 
butoxycarbonyl-L-phenylalanyl)-2-phenyiethylamine (yield, 90%). 

25 [0219] Next, the ethyl acetate only was isolated from the rntxture solution of water and the ethyl acetate recovered 
in the above reaction, and new ethyl acetate was added such that the volunne was 45 ml (water content of 291 00 ppm) 
to conduct the reaction in the same manner as described above. There was obtained 3.26 g of an N'-(N-tert-butoxycar- 
bonyI-L-phenylalanyl)-2-phenylethylamine (yield 88%). 

[0220] The same operation was repeated to prepare 46 ml of ethyl acetate (water content of 29000 ppm) and to 
30 conduct the same reaction. There was obtained 3.26 g of the N'-(N-tert-butoxycarbonyl-L-phenyialanyl)-2-phenylethyl- 
amine (yield, 68%), showing no change. 

(Example 262) 

35 [0221] Into the 100-ml eggplant-type flask, there were introduced 2.65 g (0.01 mol) of an N-tert-butoxycarbonyt-L- 
phenylalanine, 1.21 g (0.01 mol) of a 2-phenylethylamine and 45 ml of a tetrahydrofuran (water content of 50 ppm), 
which were, then, stirred for 1 0 minutes, followed by the addition of 2.77 g (0.01 mol) of a 4-(4,6-d!methoxy-1 ,3,5-tria2in- 
2-yl)-4-methylmorpholinlum chloride to conduct the reaction at room temperature for 3 hours. 

[0222] After the reaction, the tetrahydrofuran was distilled off under a reduced pressure, 45 ml of ethyl acetate was 
40 added to the residue, and the reaction solution was washed with 30 ml of water, 30 ml of 1 N hydrochloric actd and 30 
ml of an 1 N sodium hydroxide aqueous solution. Thereafter, ethyl acetate was distilled off under a reduced pressure, 
and the residue was Isolated and refined through the silica gel column chromatography to obtain 3.35 g of an N'-(N-tert- 
butoxycarbonyl-L-phenyIalanyl)-2-phenylethy lamina (yield, 91%). 

[0223] Mext, new tetrahydrofuran was added to the tetrahydrofuran recovered in the above reaction such that the 
45 volume was 45 ml (water content of 4000 ppm) to conduct the reaction in the same manner as described above. There 
was obtained 3,30 g of an N-(N-tert-butoxycarboayl-L-phenylalanyl)-2-phenylethylam!ne (yield 90%). 
[0224] The same operation was repeated to prepare 45 ml of ethyl acetate (water content of 71 00 ppm) and to con- 
duct the same reaction. There was obtained 3.32 g of the N'-(ISI-tert-butoxycarbonyl-L-phenylalanyl)-2-phene1ylamine 
(yieki. 90%). 

$0 

(Example 263) 

[0225] Into the 100-ml eggplant-type flask, there were introduced 2.65 g (0.01 mol) of an N-tert-butoxycarbonyl-L- 
phenylalanine, 1.01 g (0.01 mol) of an N-methylmorpholine and 45 ml of a methanol (water content of 1 00 ppm), which 
55 were, then, stirred for 1 0 minutes, followed by the addition of 2.77 g (0.01 mol) of a 4-(4.6-dimethoxy-1 ,3,5-tria2in-2-yl)- 
4HTiethylmorpholinium chloride to conduct the reaction at room temperature for 4 hours. 

[0226] After the reaction, the methanol was distilled off. To the resklue was added 50 ml of a diethyl ether, and the 
mixture was washed with 30 ml of water, 30 ml of 1 N hydrochloric acid and 30 ml of an IN sodium hydroxide aqueous 
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solution. Thereafter, the diethyl ether was distilled off under a reduced pressure, and the residue was isolated and 
refined through the silica gel column chromatography to obtain 2.60 g of an N-tert-butoxycarbonyl-L-phenylalanlneme- 
thyl ester (yield. 93%). 

[0227] Next, the ethyl acetate was newly added to the methanol recovered in the above reaction such that the vol- 
ume was 45 mi (water content of 29100 ppm) to conduct the reaction in the same manner as described above. There 
was obtained 2.59 g of an N'-(N-tert-butoxycart>onyl-L-phenylalanyl)-2-phenylethyIamine (yield 93%). 
[0228] The same operation was repeated to prepare 45 ml of ethyl acetate (water content of 3900 ppm) and to con- 
duct the same reaction. There was obtained 2.61 g of the N'-(N-tert-butoxycarbonyl-L-phenylalanyl)-2-phenety!amine 
(yield, 93%). 

Claims 

1. A method of preparing carboxylic acid derivatives comprising mixing a quaternary ammonium salt represented by 
the following general formula (I), a carboxylic acid compound and a compound having a nuclsophilic functional 
group, to condense the carboxylic acid with the compound having the nucleophilic functional group, 




wherein E Is a monovalent or divalent organic group having one or two tertiary amino groups; 

n is 1 when E 1^ one tertiary amino group, and is 2 when E has two tertiary amino groups, 

R1 and R2 are, independently from each other, alkyl groups having 1 to 4 carbon atoms or aryl groups having 

6 to 8 carbon atoms; 

a is 1 or 2, and is 1 when n is 1 ; and 

2-(n/aj jg g counter anion having a valency of (n/a). 

2. A method of preparing carboxylic acid derivatives comprising contacting a condensing agent of a quaternary 
ammonium salt represented by the following general fonmula (I) excluding a 4-(4,6-dimethoxy-1 ,3,5-triazin-2-yl)-4- 
methylmorpholinium salt, with a carboxylic acid compound to fonn a reactive derivative, and contacting said reac- 
tive derivative with a compound having a nucleophilic functional group, said carboxylic acid derlvativa being a con- 
densate of said compound having said nucleophilic functional group and said carboxylic acid compound, 




wherein E is a monovalent or divalent organic group having one or two tertiary amino groups; 

n is 1 when E has one tertiary amino group, and is 2 when E has two tertiary amino gmups, 

R1 and R2 are, independently from each other, alkyl groups having 1 to 4 carbon atoms or aryl groups having 

6 to 8 carbon atoms; 

a is 1 or 2, and is 1 when n is 1 ; and 

Z-("^3) is a counter anion having a valency of (n/a). 
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10 



3. A method of preparing carboxylic acid derivatives according to claim 2, wherein the quaternary ammonium salt 
used as a corKiensihg agent Is a quaternary ammonium salt other than the 4-(4,6-d)alkoxy-l,3,54r1azin-2-yl)-4- 
alkytmorpholtnlum salt 

4. A method of preparing carboxync add derivatives according to any one of claims 1 to 3, wherein the condensation 
is carried out in water, in a protonic organic solvent or in an organic soh^ent containing water. 

5. A method of preparing cart>oxylic acid derivatives according to claim 4, wherein the or^nic solvent containing 
water is reused. 

6. A method of preparing carboxyfic add derivatives according to any one of claims 1 to 5, wherein the compound 
having a nucleophilb functional group is an amine conripound, and the carboxylic add derivative is an amide com- 
pound. 

15 7. A method of preparing carboxyl'c acid derivatives according to claim 6, wherein a cephem compound is prepared 
as an amide compound by using a 2-aminothiazGlylacetic acid derivative as a carboxyfic add compound and by 
using a 7-aminocephalosporanic add derivative as an amine compound. 

8. A method of preparing carboxylic acid derivatives according to claim 6, wherein a peptide compound is prepared 
20 as an amide compound by using an amino acid derivative of which the amino group Is protected as a carboxylic 

acid compound and by using an aminoacid derivative of which the carboxyl group is protected as an amine com- 
pound. 

9. A method of preparing carboxyHc add derivatives according to any one of claims 1 to 5, wherein the compound 
25 having a nucleophilic functional group is an alcohol compound, and the cart>oxylic acid derivative is an ester com- 
pound. 

10. A method of preparing carboxylic acid derivatives according to claim 9, wherein an amino acid compound derivative 
of which the amino group is protected is used as a carboxylic acid compound. 

30 

11. A method of preparing carboxylic add derivatives according to any one of claims 1 to 10, wherein the quaternary 
ammonium salt represented by the formula (1} is at least a quaternary ammonium salt selected from quaternary 
ammonium salts represented by the following general formulas (1') and (II), 
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wherein R1 and R2 are, independently from each other, alkyi groups having 1 to 4 carbon atoms oraryl groups 
having 6 to 8 carbon atoms; 

E' Is a monovalent organic group having one tertiary amino group; and 
X' is a chloro anion, a perchlorate anion, or a boron tetrafluoride anion, 

so 

and 
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wherein R1 and R2 are, independently from each other, alkyi groups having 1 to 4 carbon atoms oraryl groups 
15 having 6 to 8 carbon atoms; and 

X' is a chloro anion, a perchlorate anion, or a boron tetraftuoride anion. 

12. A method of preparing carboxylic acid derivatives according to any one of claims 1 to 10, wherein the quaternary 
ammonium salt represented by the genera! formula (I) is a quaternary ammonium salt represented by the following 
20 s genera! formula (III), 
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(III) 
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wherein R1 and R2 are, independently from each other, alley! groups having 1 to 4 carbon atoms oraryl groups 
having 6 to 8 carbon atoms; and 

a group represented by -R3- is any one of the following groups, 
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O OH 

il 1 

C - CHa - or - CH - 
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and, 

X' is a chloro anion, a perchlorate anion or a boron tetrafluoride anion. 
13. A quaternary ammonium salt represented by the following general formula (III), 
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(III) 
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wherein R1 and R2 are, independently from each other, alley! groups having 1 to 4 carbon atoms oraryl groups 
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having 6 to 8 carbon atoms; and 

a group represented by -R3- is any one of the foilowing groups, 

O OH 

II I 
- C - CH2 - or -CH- 



ID 



15 



and, 

X' is a chloro anion, a perdilorate anion or a boron tetnafluoride anion. 

14. A condensing agent of a quaternary annmonium sa(t represented by the following general formula (I) excluding a 4- 
{4,6-dlmethoxy-1 ,3,5-tria2in-2-yl)-4-methylmorpholinium salt. 
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wherein E is a monovalent or divalent organic group having one or two tertiary amino groups; 
n Is 1 when E has one tertiary amino group, and is 2 when E has two tertiary amino groups, 
30 R1 and R2 are, independently from each other, alkyi groups having 1 to 4 carbon atoms oraryl groups having 

6 to B carbon atoms; 
a is 1 or 2, and is 1 when n is 1 ; and 
Z*t"^^> is a counter anion having a valency of (n/a). 

35 15. A condensing agent according to daim 1 4, wherein the quaternary ammonium salt represented by the general for- 
mula (I) is at least one quaternary ammonium salt selected from the quaternary ammonium salts represented by 
the following general formulas (t*) and (11), 
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so wherein R1 and R2 are, independently from each other, allcyl groups having 1 to 4 carbon atoms oraryl groups 

having 6 to 8 carbon atoms; 

E' is a monovalent organic group having one tertiary amino group; and 
X* is a chioro anion, a perchlorate anion, or a boron tetrafluoride anion. 
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and 
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wherein R1 and R2 are, independently from each other, alkyi groups having 1 to 4 carbon atoms oraryl groups 
having 6 to 8 carbon atoms; and 

X' is a chloFO anion, a peichloiate anion, or a boron tetrafluorlde anion. 

16. A condensing agent according to claim 1 4, wherein the quaternary ammonium salt represented by the general for- 
mula (1) is a quaternary ammonium salt represented by the following general formula (III), 




(III) 



wherein R1 and R2 are, indepenciently from each other, alkyI groups having 1 to 4 carbon atoms oraryl groups 
having 6 to 8 carbon atoms; and 

a group represented by -RS- is any one of the following groups, 

O OH 

It 1 
- C - CH2 - or - CH - 



and, 

X' is a chtoro anion, a perchlorate anion or a boron tetrafluoride anion. 

17. A condensing agent of a quaternary ammonium salt represented by the following general formula (I) excluding a 4- 
(4,6-dimethQxy-1 ,3,5-triazin-2-yI)-4-methylmorphonniu]n salt, 
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wherein E is a monovalent or divalent organic group having one or two tertiary amino groups; 
n is 1 when E has one tertiary amino group, and is 2 when E has two tertiary amino groups, 
R1 and R2 are, independently from each other, alky! groups having 1 to 4 carbon atoms oraryl groups having 
6 to 8 carbon atoms; 
5 a is 1 or 2, and is 1 when n Is 1 ; and 

2-(n/a) jg g counter anion having a valency of (n/a). 
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